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This study involved collection of flora, fauna, and sediment chemistry 
baseline data prior to habitat development with dredged materinl. The specific 
purposes were to (a) survey and evaluate pertinent historical data and 
literature; (b) inventory vegetation and prepare a vegetation map; (c) inventory 
avian, mammal, and macroinvercebrate populations; and (d) determine specific 
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soil chemical properties. 
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A total of 74 plant species representing 61 genera and 20 fami?lLa were 
present at the study site. The dominant grasses were Spartina patens (marshay) 
and AnZropogon spp. (blucstem). For-b density was over 4.?5,000 plantT/acre 
with Hcterotheca subaxillaris (camphorweed) the most common. 
contributed the greatest nuxcr of species. 

The Compositae 
A noody plant density of over 

3,250 ?lants/acre occurred. 
] 

The dominant was Sesbania drummondii (drummond i 
sesbania) . The only other woody species that occurred was Croton pnc 
(gulf croton) , Standing crop biomass production on the situ-c cxc 

tatus ’ I liz.Gx ; 
3,000 pounds/acre. The following six major piant commu,lities were mappod, I 
in 

t:; 

order of area occupied: 
Scsbania-mixed grass, 

(a) Andropogon pkranpustatus, (b) Spartina-patens, 

Honarda citriodora, 
(d) Sporobolus virginicus-stichlis syicata, 

-- and (f) Spartina altcrnlflora. 

A total of 98 bird species were identified, with red-winged blackbirds 
the most numerous species. Thirteen mammal species were recorded, 3 of them 
domestic. The most common were hispid cotton rat, raccoon, and domestic goat. 
A total of 31 individuals representing 11 species of reptiles and amphibians 
were observed, Eighteen orders of macroinvertebrates were collected and 
identified. ../__ 

Soil and sediment samples were sandy in texture to a” depth‘ of‘ lb7’;=m:‘W “* 
Total organic carbon was genorally less than 0.2 percent. Extractable 
ammonium and extractable orthophosphate varied but were present in low 
quantities. Values a ‘Eh varied from +500 mv for oxidized horizons to near 
-240 mv in the intertidal area. “. The pH values -of _ the mzdimexm,.ranged-. fro&+r;-m 
7.00 to 8.50. Interstitial water did not contain excessive concentratio&‘Y- 
of ammonium-, nitrite- or_ nitrate-nitrogen. Total inorganic nitrogen never 
exceeded 6.14 mg/R. Total phosphorus and orthophosphate.concentraticms were;: 
less than 3.25 and 0.625 mg/r, respectively; Total dissolved carbon ranged 
between 2.0 and 9.55 mg/L, Excessive nutrient concentrations were not found 
in this series of core samples. r. Mafal,.,,c~ncentrations, .of ,lowlandr,interstitLs~-;. 
water were similar to those interstitial ‘water values from ‘th6-$&fil&‘*” “’ : 
located in the intermediate areas. Magnesium, potassium, sodium, and calcium 
concentrations for interstitial wator from the lowland areas were high 
compared to those for the intermediate sites. Heavy metal concentrations .. 
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This st.l:dy involved the collection of flora, fauna, and sediment 

chemistry bnscline data prior to habitat dcvelopncnt ~5th dredged mzteri;l. 

‘I‘1 ic specific prposcs were to (a) s~lr-vcy nnd evaluate pcrtincnt hktoricnl 

data an4 lita-atwfe; (1)) *. lnvrntory vcgctntion and prcpnrr: n vqctntien 
map; (c) inventory ztvian, rnSam7x21, and m~crojnvertcbrnte populations; and 
(cl) deternine specific soil chemical properties. 

Seventy-four plant specie-5 representing 61 genera and 20 families 

were collected and idcnti fied. Vcgetntion of the study area had a bnsnl 

covw of 13.2 percent and a litter cover of 15.8 percent, The Clrmnincac 
and Cypcraceac families accounted for most of the bass1 cover. Ertina 
p;ltcns (mnr+ay) * -_- and Andrqqon qp. (bluestem) were the dwm9nnnt grnsscs. 

Forh density on +.he study arca was 43?,778 plants/acre. The Ccsnpositac 

contributed more plants to forb density than any other family. Iletcrotheca 
sIl!>axillaris - II_ (cq-~horceed) ha3 the highest relative density and freq:lenc;r. 

‘doody plant species had a. density of 

?-~-Auction was 3,071 ~ounds/acre for 

ktikrtcd with 30.8 percent ar.1 28.7 

respectively, 

3,279 plants/acre. Sept~her biomass 

the study arca; bluesrem and mnrsYk?y 

percent of tbo total production, 

Six plant ccmammitics were delineated on the basis cf basal cover 

by domknts. These were: [a) ~I~dropqoror p?mpstatus, (b) SpnrtIrE 

patens 9 (cl Scsbnnia-&cJ. grass, (d) S proboolus ~Crginicus-Distichlis- 

spicata, (c) Monarda citriodora, and (f) SD;irtina alternXl.ora, Tne 1 
Andn@qpor ppm~status and Spartina patcns conmnrnfties KC~‘B the most 

extensive accounting for 37 percent. and 25 wrccnt of the study area, 

respectively, Each also produced over 4,100 pounds/acre bicmass; 

Forty-one bird species wcro recorded on the site during July, arId 

the number incroascd to 50 in September, Ovcrall~tho total Was &, with 

red-winged blackbirds the most numerouzr species. Thirteen mruml q~cies 

were recorded on the site (three of them domes tic), and the most cansnon 

species were raccoon, hispid cotton rat, and domestic goat. There ore 

- 
4 

- 

* 7his grass i.s also known as ,sa’BWadow cordgrass in other rq$cqn af 
the nntlon, 
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107 cm. The least amo~mt of snnd rqmrted at any depth was 88 pcrccrnt. 

Total organic cnr!!on wns f:encrally less th-tn 0.2 ycrccnt. Extr3ct.nI)le 
,W2Roni\na and ortho$~osphnte wcrc v;lrinblc but gencrnlly present in low 

qmntitics. Valw~ of k% varied frm +X0 mv for oxidized horizons 

loca~:cd in the upktnd region to near -240 n;v in the intertidal area. 

The Eh wns closely related to moi.sturc? content. The ~$1 values of the 

scdimc?~ts ranged from 7,OO tn 8.50. 

Interstitial water sCamples did not contain ~xccssi~~ c$ncentvtions 

of mniin-, nitrite-, or nitrate-nitroe%, Total inmga..ic nitrogen 

Er;ver exceerled 6.14 q/C and was generally mch lower, Total pbspbkc::s 

and orthophosphatc concentrations were less thnn 3.25 Eand 0,625 my,/&, 

resgcctbvcly, Total dissolved carbon ranged betwxn 2.” and 9.55 n& , 
.- Chemical composition of the sediments generally corresponded to 

the sandy nature of the material. Excelisivb nutrient concentrations 
were not found in this series of core samples. Metal concentrations 

of lowland interstitial water arc similar to those interstitial water 
values from the profiles located in.the intermediate areas. +bgnasiua, 

potassium, sodium, and calcium concentrations for intqstitisl nater 

from the lowland areas were high compared to the intermediate sites, 
F!eavy metal concentrntions (iron, manganese, zinc, copper, lead, 

c:Kh!imo 3rd mrwry~ wer.:: Bow, 
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This report prc?cnts the results of an investigation to describe 

quantitatively the florn, fauna, and sedi.ment chcalstry of a disposal 

site on P.olivrr Peninsula, Calvcstcn Cay, Texas. The investigntion was 

conJucted as a 1 art of the Corps of Eng,inccrrj 1 Dredged Mat.eri8.1 Rcsci:rch 

Program (1341?1’; under Contract No. DACWG4-75-C-0101, entitled “Inventor) 

and Assessment of Terrestrial Flora, Fauna, and Sediment Chemistry at 

Bolivar Peninsula lIel,itat Development Site, Galvesron Bay, Texas, dated 

12 June 1975, between tile U. S, Army Engineer District, Galvestm, and 

the College af Agriculture, Texas A.@4 University, Collegs Station, Texas. 

The DE”J?P was sponsored by the Office, Chief of Engineers, U. .S. Army, and 

was monitored by tho Er.vironmcntal Laboratory (EL) of the U. S. Army 

Engineer h’nterways Experiment Station (WE), VJcksbur_a, MI ~5, Th.: 

Calvestan District adninistercd the contract for HES. Contracting 

Officer ~3s COL 0. S. NcCoy, CR. 

Parts I, IX, III, IV, and VII were prepared by D, J. Herlockor b.1: 

J. C. Dodd, Research AssociatrJ and Professor, respectivcl.y, in Range 

Science, Texas A&M Unfvtr,ity. 8. #. Cafln and B. J. Lee, Assistant 

professor and Research Assista.nt, respectively, in Wildlife and 

Ffshcri.es Sciences, Texas AfM University, prepared Port V. fY&!i.r:~ent _ 

ChcmJ.stry,‘t Part VI, was prepared by L, R. Kossnar and C, tlndau, 

Associara Professor and Research Assistant, raspectively, in Soil mxl ” 

Crop Sciences, Texas A4M University. 

The contract monitors at WCS were J. S. Bo,yca and H. JJ. Alien, EL, 

Project manager was Ii. K. Smith, Manager, JJsbitat Development Project, 

EL. John Jtarrison was Chief, EL. ’ 

The authors express appreciation to personnal of WES and ths 

Galveston District for their cooperatlon during this project. Special 

spprccletion is cxtendeti to S. 1;. liatch and P. Wsllar for their 

assistance in plant Identification, 

COL C. ii. Hilt, CE, and COL J, L, Cannon, CE, were Directors of 

WCS during the conduct of the contract and the preparation of this 

report e Mr. F. R. Drown was TechnicaS Director., 
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Cmm5ION FXrORS, U. S. CUSTCMUY TO 

MIXRIC (SI) UNITS OF EF&Wm 

U.S. customary units of measurement used in this report can be converted 
to metric (SI) units as follows: 6 

Multip1.y BY - To Obtain c_--- -- 
inches 2.54 centimetres 

feet 0.3048 

miles (U.S. statute) I.609344 

5qum.1 feet 0,09290304 

square miles (U.S. siatute) 2.589988 

1 
‘.- cubic yards 

pounds (miss) 

miles (U.S. statute) 
per hour 

,‘, i .; 
.: 

* ‘, ; I_. 
c, 

. . 

4046,856 

0.7645549 

0.4535924 

1.609344 

t; 

mctres 

kilometres 

square metres 

square kilometres 

square metres , 

cubic metres 

kilograms 

kilometres par hour 

. ,  
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BASELINE INVENTORY OF TERRESTRIAL I / 
FLOR.4, FAUNA, AM) SEDIMENT CHEMSTRY 

PART 1:’ INTRODUCTION 

1. Coastal marsh comprises 1,2SO square miles* and is the most 

important land resource area on the Texas coast (Godfrey et al, 1375). 

Marsh is important in flood control and water quality, provides excellent 

wildlife habitat, and is a valuable source of nutrients for livestock and 

marine life (National Aeronautics and Space Administration (NASA) 1974). 

One-third of the population and nearly one-third of the industry of Texas 

is located on the Gulf coast (Fisher et al. 1972). This has had a serious 

Impact on coastal marshes. Hundreds of acres are filled each year and tho 

land use changed (NASA 1974). Thus, it is important to consider ways and 

means of maintaining and/or reestablishing marsh. 

2. Approximately 2.3 percent of the Coast marsh resource area has 

been set aside for dredged materid sites (U.S. Army Corps of Engineers 

(USCE) .1975a) : :These sites provide substrates for, marsh devclo.wcnt 

(especially open-water sites, whic.h comprise about 41) percent of the Total). 

: I Jn these keas, few other competitive land uses exist. Thus, an opportunity 

is provided to investigate the feasibility of marsh este.blishment on dredaud 

material disposal sites, 
: 

3. This study involves the feasibility of using dredged material as 

a substrate for development of salt marshes along the upper Texas coast.‘ 

Phase 1 involves collection of baseline data prior’:to development; Ob- .- 

‘jectives include (a) survey and evaluation of historical data’and litwature 

pertinent to the study site, (b) inventory of avian, mammal, and macroinver-1;. 

febrate populations inhabiting the study site, (c) inventory of vcgotation’ ‘,’ 

including preparation of a vegetation map, and (d) determination of specific ;’ 

soil chemical properties of the study area prior to d~~ositibn’..of’dredged : : ,’ : ‘, 
material, 

.‘; 
‘) ’ ., ’ “, . ,‘,. *_: ;, .I 

‘.. . .,.: ,, ‘-,” .~ . .. \.._.) 
. 

*A table of factors for converting U.S.‘customary wits of measurements 
.i ’ 

to metric (SI) units is given on page 9. 
.I 
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PART II: DESCRT’I’ION OF AREA 

4. Bolivar Peninsula forms the eastezn end of a chain of sanj! 

barriers that extend almost 603 miles along the Mexican and Texas coasts. 

The Bolivar Peninsula has developed as an cfzshore sand bar since the 

post-Pleistocene rise in sea level aoout 4000 J’ears ago (Lankford and 

Rehkemper 1969). It is maintained by marine sedimentation processes, 

primarily on the Gulf shore. However, some sediment is also transported 

by sea water washing over the barrier to the bay (NASA 1974). River- 

transported sediments are negligible (USCE 1968). The peninsula is 

typically level with .xcasional elevations of 5 to 10 feet where old dunes 

occur (U.S. Geological Survey (USGS) 1954a, 19.544, 1954c, 1962x, 1962b). 

5. The Galveston area annually receives about 40 inches preiipiO.a:ion, 

primarily between Ma)* and August. Hiz!: b;rmidities and moderate temyrratures 

reflect proximity to thz Gulf (h.?ional Oceanic and Atmospheric Administra- 

tion (NNOAA) 1974). Most of the year, prevailing winds are from the south 

and southeast (USCE 1968). Average velocity is about 11 mph (Lankford 

and Rehkemper 1969). 

6. Worth of the Bolivar Peninsula, tides in Galveston hy 8vcrage 

about 6 feet and range about 1 foot ill amplitude (O&79-1.81 feet above 

mean sea level) (USCE 1975b). Prevailing south and southeast winds may 

raise this level 2-3 feet while north winds may lower it 8s much 8s 4 

feet (Lankford and Rehkemper 1969). 

7. Hurricanes are an important factor in the local climate. Since 

1871, five tropical storms and seven hurricanes have passed over or near 

Bolivar Peninsula. There is a 23-percent chance of hurricane occurrence 

in any one year (Henry et 81. :975). Storm surge associated tith hurricrines 

strongly influences erosio:tal and depositional processes 8nd often rssults 

in barrier washxtr (Lr,y and O’Neil 1942, NASA 1974, Henry et al. 1975). 

Storm surges over 8 feet are common, and surges from 15-20 feet hs<o 

occurred at Galvuston. ‘r1.e Bolivar Peninsula, which lies entirely below 

IS-foot elevation, is thus a prime 8rea for flooding (Henry et al; 1975). 

8. Bolivar Penins-JTa occurs within a soil association comprising the 

Harris, Veston, and Galveston soil series (Godfrey et 81. 1973). These 

are saline clayey ar.d loamy soils of marshes and sandy soils of beaches. 

Heav;‘, .-,aline clays generally overlain by peat occur under marsh vegeta- 

tion (Lay *And O’Neil 1S42). 
11 



9. Composition of vegetation primarily re.flccts topography and ground 

water salinity. Balri.er flat vegetation dominated by JSpartina patens 

(marshay) and S. spartinae (gulf cordgrass) occupies the seewar: half of 

t!ie Peninsul d. Two large salt marshes occur on the bay side (NASA 1974). 

1.0. G:i.sts of important plant species have been compiled for.tr,wsh 

vegetation along the Texas coast (Gould 19’75) and for eastern Galveston 

County (Wailer 19’;4). The principal coastal marsh corrmunities of East 

Texas have been described by Lay and O’Neil (1942). These are: saline 

marshes, dominated by Sportina alterniflora Loisel. (smooth cordgrass), -- 
brackish marshes dominated by marshay and eistichlis rpicata (I,.) Green 

(seashore saltgrass), and fresh marshes dominated by Dha an=stifolia L. - - ----- 
(narrowleaf cattail) p x. latifolia L. (common cattail), Scirpus californicus ---_I_-- 
(California bulrush), and g.eochari s edrangulata (Michx.) R-ES. (square- - 
stem spikesedge) _ 

Il. Texas marshes overlie a heavy mineral soil (often saline) topped 

by a peaty layer. They arc generally formed through subsidence (0.2 foot/ 

century in the Galveston area) and lie behind beach ridges that prevent 

direct influx cf seawater except during hurricanes (Lay and O’Neil 1342, 

Lankford and Rehkempcr 1969). 

12. Muskrat populations were exploited on Bolivar Peninsula until a 

few decades ago (Lay and O’Neil 1942). Present land use includes livestock 

ranching (Lay and O’Neil 1942, NASA 1974). exploitation of oil and natural 

gas fields (Holstrum and Williams 1971) 8 and permanent and summer rcsi- 

delrces and cormnercial estat?ishments (UXE 1968). Oyster beds lie immediately 

offshore on the bay side. This is also a nursery area for fishes of Galveston 

Bay. St is used extensively for recreational boating and fishing (USCE 1968, 

1970, Holstrum and Williams 1971). Pn addition, comnerci%l shipping uses 

the Gulf Intra-Coastal Vl’ateway (GIW), which runs alcrig the entire bay side 

of the peninsula. Dredging associated with the GIWA has been almost con- 

tinuous along this stretch since completton in 193:: (Lay‘and O’Neil 1942, 

USCE 197Sc). Selected areas &e dredged about every 2 years. The average 

quantity of materials dredged per contract is 1.6 million cubic yards 

(Ir’SCE 1975c) rn 

13. The study site is located on Galveston Bay between Marsh and 

Baffle Points near the west end of Bolivar Peninsula. It ranges in eleva- 

tion from -0.2 feet to about *lO.O feet mean sea level (WCE 1975d). 
12 



The location is between the CIWN and the bay irx dredged material 

disposal area No. 41. This area has no containing levee system, unlike 
some other disposal areas (USCE 1970). Dredge1 material depositim ocxxu-5 
about evei-y 4 years cm zhis si,tc; the last disposal wzs in 1971. 



PART IIIf PTxrr AND !mIPLfNG DESIGN 

14. The study area is rectangular, 2,000 by 603 feet, 27.5 acres 
in area. Of this, 14 acres is i3tertidal and supports little vegetation. 

The study mea has been extended back to the CIhW to include upland 

vegetation uxmunities. This added 14 aqes to the total area. 
15. A surveyed baseline forms the south edge of the study arca 

(Figure 1). Thirty-nine topographic transects have been established 
at SO-foot intervals almg and at right angles to the baseline can~i were 

surveyed to the bay side of the study area. These have been extmded 
nontopogra$ically back to the CIM-V. This systm of transects was a 

reference for subsequent surveys of vegeM&n, soils, and wildlh2e. 

14 
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16. The purpose of this research was to describe vegetation of the 
study area qumtitatively, This included ccxpiling a species l.ist as 
well as defining the contribution of these species to the cover awl pro- 
duction of the area. The major plant camatnities were Identified md 
deliineated. 

Methods -- 
17. The study arm was periodically and s~stcmatically f5~at-cikla 

for i2ew plant species. All species cncmtercd wvre pressed and later 
identffie& All scientific and c.cxmon rimes follow Gould (1975:. 

18. Vegetation sampling was cmductcd along three trmscxzts chmm 

et r&m in each of four SOO-foot sections along the baseline. 7%~ 

surveyed baseline provided hations for the rwImly located trmsxts, 
Phytosociollogical parameter 

I 19. Basal cover md cumpositkm by species of grass md s~~.Yge; and 
the fihndancc of fox% species were saml>lcd with a lo-pof.nt fmw (lmy 
and Madden 1933). Hits mcord4 Included bare groztnd, litter, md @mt 

spwits contacted at the wil surfam (National Academy of ~Scimx- 
Mticmal Rcse;srch Council @WWRCj 1962), Density and fr~ucncy of forbs 
WWQ determined with a wre-foot quadrat (I&S-?kQC 39~~2). Smple ~;~~z~ 

i 



into ImiSCelImeous categories of grass, se@, and forb. Plant material 

on ti soil surfwe was collected md placed in a litter category. AL1 

material was dried for 50 hours, at 80’ C, weighed) and reported ‘as 

production in powis per acre. Vegetation sapling and clipping for 
ptiction were conducted at the close of vegetative grmth periods In 

September and l-bmkber 1975. 
tI4xmunities 

21. IZolnrdaries between plmt ccmmities were visuaI.ly noted along 

tranmcts during vegetation sampling, These were used tx, stratify 

~eamded data into plant canmnities for further analysis. In addition, 

8 pr~limina~ Wgetat’Lon map was prepared for. the study area. A final 
vegetation map was prepwed by (a) mtablishing R SO-by-50-foot grid sf 

stokes thxxn@mut the sady area based on th 39 surveyed transect lines, 

and (Ia) using theaa to rcfmmce vi&ally determined l.mmdaries of plant 
cxxmmitics, r3-ocesa few aapp@ genemlfy followecl Bm (1954) 
and lkhler (1367). 

llt%ul ts 
,. 22, A total of 74 epoch representling 61 genera and 20 f-milics 

“: have been colled.cd und identifhd Txxxn t?w study sitar (Appmdbx 4 ’ > . Q&r 
42 pem& of the flora occurred In three. fmilics, Grmjneacl, Cypmxem, 

und~sftas (Table 1); This species list ls hxxqlete since vcgeta- ‘,. #G,;.i , 
,‘i:‘i’: tl.on on the study, sit0 axhlbi$s considerable seasonal wtriabilf ty. Thus, ‘, 1. 

s collection and Mentification tit extend over a full year TV ensure .’ 
that all ma,jar qwcfts &n tha flora ham been obsenmd. 

,, ’ Basal ‘cmm ‘:** ‘_, “.. . . , ,, ‘.‘.,, >I ., 
.‘T ;’ ‘1 23,’ Qvml, vegetatfw, I;silai. co+ uas 13.2 per&t, 1ittcr’was ‘:. I, 

' 1s.i pwccnt, lmd bm son +rfaca 71 lperccmt in August 1975, L Dcmmanw, :. 
in tenlls of high bakal coveq3m!I expressed primwily by species of th ; ,” 
Grtppinoae and Cyperacum ~&lo 2)‘ ’ &artlna lpatens (Marshrry) and l 
&xi- pmnpstztus (bhwtcm] danhated tha vqptatim, ‘ccmtri- 

’ k@~g 20.1, per&t und 13.6 percent of the basal c&or, roqxtircly. 1, 
)rh’ otEeei~‘specle~’ mtrib$& F’ ‘$ti&t :br ‘jncir’i’,” ‘.‘c&& t&c &IS 
frc&he Chpositae; Hetdtothbcll rmbsxlllnris (mtphomed), Forb 
qwciar contributed less to basal cover tizdid grass or sedge species, 



Table f 

Vegetation Composition by Major Families 

on the Bolivar Peninsula Study Site 

(*led h August 1975) 

Family No. Species 
Total Flora 

(%I 

Gramineaa 

. 

22 29.7 

Compositae 

Cyperaceac 

15 20.3 

9 12.2 



_r Table 2 



The most Amportant forbs were cwrlphoxweed (5 percent), Monarda 

citviodora (lemon beebnl;ol) (2.5 pa-cent) ) and Chcnopodim mbrosl.oiclcs ---we 
ljen-Twcd goosc!foot) (1 percent) ( 

Frguency and density 

24, Forb density was over 10 plants/square foot (437,738 plats/ 

iaCr0) in AllguSt 1975 (Table 3). The ratio of stems to plfmts was &cat 

1.2 to 1, This indicated that single-stem4 plants were gmerally 

bm.cteristic. (hqhrwecd umtrPbuted most to forb density ‘. . 
(35.8 prcent) and also ~88 the moat frequently occurrfng forb sp&es in 

thrs study arcs flMa ;), indkatlng mIPotp~\ distribution, The Canpoasitao 

contributed mm8 plants to forh Umsity than my other xkmily, The 0~~. 

mmnco oC colcmies (aggregation of individura1.s of tha saw qwies) wns 
not idicatod since all Pnqmrtmt forb species haI hffghm frcqucncic~s than 

. relative densltlas, Mvmteod goosefoot showed the grmtc~t (?i.vcrgmce 
between relEat.bvu &nsf.ty and frequQnc[, indic*at.ing mifom dispersal. 

25, Only two $1 ilcts Of wQ0dy plants wm3 collected, Scshanin 
+mmondii (Urun\lond.',seshtiaj and $fot-bn mctot;z (gulf cratoa), 

--- 

Density of wwdy plants' wcr 2 f ret tall was 3,273 plnnts/acre In . ‘, 
21 August 1975, ‘430 l;nat iqportik’ J&&S was d mmond acsbania with , 

3,117 pl4ultrt~acra, 95 percant of th(wou woody plant donuity, Thn 

~tarr~to~plant ratio 08 dnmpumd se&ah was 19bmt 131, &Ua to 
It that for most forb $pccfag , A stmpts-plot mtia of ahout I.5 for all C 

w0iay ypcl#ir iofloctad~‘the inmaw stt!!qi typic81 of gulf crotcm phm.3, 

the mtql, roqmct~~oly) , Tha &Wo’ $mportanco of ‘both qkciws ti taxtw :: ,’ 
00 production (Table 4) wa? &k&p t&m fhht qwuased w, b&ml cover 1 I( . .‘: 

s 

(Tebls 21, Tlw mlatlw impmtance of host $eccmUary qwcios ww similar C 
for both basal cover and pmducti~; excoptLms vmo that Fhhrialtylis . P -a.- 
uwolinf mm (fimbry) was 108s hrportant for production md amphomed 
was more jrnportmt for production than indicated by basal covw, ~ Them 

20 



Table 3 



(Smpled f.n SGptembm 1975) ) 
I.,-, 5 .’ 

Pmcmt of 
Total 

.- 

30.8 

38.7 

4.1 
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Percen+. Contribution to ‘Total Iknsity Within a Plant Cammmity by ?hjor For-b Swcics on the -- ----. __i- __--~-I_ 

Bolivar Peninsula Stucii Site 

. ! 

‘, .+&qq .L ,_ ,%&,‘.s ‘. Sesbmia-mixed gmss ;r:;‘r 58.2 f$’ ’ n, .. : :‘*TA’-: ,Q : 17.9 1 779,724 

.’ ” I, An- ~ ’ ‘,_I I 36.9 24.9 11.4 496,584 

..,:‘<f’ Monarda 
*. 

: - .* ‘- . .- 31.1 10.8 470,448 I 
. 7, ,, _‘ 

,‘*,.;;i;;./ .:,, @uroboXus-Distichlis . 44.2 4.7 204.732 

:-,., -, ” 
: eJpittina patms 35.9 3.4 148,104 

._ 
. L ,:, 



Spnl-t;ina patens conmnmity resulted frm the high basnl and foliqe - - 

covers of the dcxninant species that effectively reduced ~cnqxti:icn ?rm 

forh species. The law forb densities in the S~robolus-Distichlis -- I_ 
curnrnlnity were likely related to an extreme envirorun2nt including I:igh 

soil salinity, exposure to wind and wave action, and the ;-~t ~‘over 

resulting from rhizomes of ihe dominant grasses. Iligh for\) densities 1;1 

the Andrlopogon peranwstatus and Scsbania-mixed grass ccxxunities ~cte 

probably related to the stable mcsic envimnt of the fomer anJ t!w 

relative lack of perennial grasses In the latter. The %s5:lnin-mixed 

grass ccxmnmity appeared to be undergoing rapid IlTzt sllcces:;io:l. 

33. Differentiation between plaalt c-sties on tic basis oE 

forb species was more difficult than with grass species. Camphordeed 

was relatively dense in three communities, particularly the Seshania- 

mixed grass camity. The Andropogw.1 Frangus ta tus cmnur~ity was the 

only cizmmmity with more +&an uric forb species, c%qhorw,:ed <and Pi ~cron 

myrionactis (Corpus Christi fleabane), and b&r species imd rclativs 

densities exc,zding 20 percent. 

34. Generally, forb species appeared to have a dispersed patt.yrn. 

This was particularly true for Ambrosia gsilostachya (western ragwe:ti), 

which had less than 5 percent .relative cLznsity on the study site 

(Table 3) : in the Spartina patens c cmmtunity it had a 26.9-percent 

frequency and in the Sporobolus-Distichlis ccmrnun:?;~ It had a 24.4~percf3 

frequency (Table 8). However, some colonies did occur. For exampIc, 

camphorweed had a relatii? density of 35.9 percent (Table 7) and a fre- 

quency of 23.1 percent (Table 8) in the Spartiua patens comnnzity; 

wmmseed goosefoot had a 44.2-percent relative density (Table 7) and 

17.1-percent frequency.(Table 8) in the Sporobolus-Distichlis community. 

35. The Andropogon perangustatus, Sesbania-mixed grass, and 

Mona&a citriooora c onrmmities -- had high forb frequencies T ‘aging frnn 

51.6 percent in the Monarda conrrunity to 62.9 percent in *‘,- ~r\clropog~~ 

carrpnunity (Table 8), In addition, a large number of fork o;.,ur.-cd 

with frequencies exceeding 10 percent. These frequency da% were con- 

1t 

sistent with forb densities in the three cmities. 
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Table 9 

Percent Requency of Ckcurznce of bhjor Forb Plm-&6es 

WithinEachPlant Cmmiunityfm the 

Bolivar Peninsula Study Site 

camunity . '_, , : ,,.;'..:L..'. :'y. _ ,. -. 
Sporobolus-Distfchlis 

Spartins patens 

Andropogon 

Sesbanla-mixed grass 

23.1 26.9 

55.1 33.7 62.9 

37.2 60.8 33.3 37.2 

Monarda 51.6 48.4 35.5 32.3 29.0 2s.o 

Note: Only species with frequencitz exceeding 20 percent are rqorted. 



36. Data m bimass pmdxtion in September 1975 wrpkkzcii the 

dominant specio~ (g-wed on specfcs ccmposition) in eat?? cc\as;;mit)t. f wr- 

ever, based m tirxass pmductim, Spartim pa+ms ms TIE dmincmt in -- 
the SnomBolus-Distichlis cammity (Table: 91, even tkmv$ it occuxt:? A- - 
in only 2 of the 16 sampled quadrats. The contributions of czm$ormed 

and miscelkmeous forbs to bimtass pmhcticm in the Sesbm!s-mixed brass --- 
cmity suggested inclusion of &zse species as d%inar,ts, This ~2s 

also true of sparrina patem in tite m~-~~rda caimnuni?f: b3wd on tot;it 

density oable 7) and fr&&ksy of occm~mce (Table 8) 5~rti-m Y~CXS -&------ k-‘.-.-. 
did not appear as a dmthant in the ?!mmda ccmmity, ht k..asisrf on -- 
bicmass (Table 9) it does. -l-lus, rec=ognitim of pklt camities E?lJ 

differ slightly depending upon the Mteria.used. 

37. The *rtina patens_ zrxd AmIf-- izm-m~~5ta+,us xmamitirs -- .- --- 
had the greatest per-acre and total bimass Zion c;f all ccmmitie.g 

(Table 9). Although the AndTopogon I)eran~tat!a cmAty pm3cbx;l iess 

bimass per acre thm the Z+m.+.m patew emunity, it cmtributcd the 

gsreatest total mount on the site kauslz of the greater area occupie& 

38. The Spartim altezn.03~~~ and Seshia-mi9ed pass cmmxzitier; -- 
had the lmest bicmzzss pro&&cm per acre (‘T’abLe 9). ‘h.is, tie7 con- 

tibured lease to the totdt bicwass prv&cttl,on of the smll ;in~a, T-z 
low bicmss of the ,$artina alterniflora catammity was a result of kwy 

grazing bp goats and sheep. under ptestion, ‘~imss from t.l.l~ emu- 

nity HDBlzd be much Itigher. 

Ckmge in bWass within ccmtnitfes 

39. TRere was little change In t.5e refative 

the major p&at ccmrzities betwwn Septmkr and 

bimass pnxktim of 

NcIvder (Table 10) * 

Overall, total biawss in ?+cweahr was 9.7 percent less that in the 

study site in September. Four plant cztmmxities had lower standixg 

bicmass in lhmnber than in Sepxzn~. while tw were ?-Agher. The 

increase in bimass fram September to kmmber cf 625 pcunds/acre in 

the Sesbania-mixed grass cmmmity was due to XI increase in annual ;,rar;s 

species. The two most prominent species were Aristich lonqesoica __I-_ ---A- 



i‘able 9 

Percent Contribu’,ion of F!ajor Species to HFX%~~ Biowss for Plant Ccwcmitics - --- -- 

on the Eclivar Peninsula Stdmte - 

Species - 

(Acres) A&e Cn 

Spartins patens 84.5 ‘- 3.4. 4459.4 lL5,1t, 

And~gon 58.5 11.5 5.0 4133.8. 20,hf 

Spombalus-Distichlis 18.3 13.0 33.9 12.1 :- 2.0 2q2.8 *, 4,s 

-8 14.6 33.7 20.1 : D-7 1514.4: 1,:: 

spar-tin8 altemiflm-8 92.8 3.1 1652.2 lr 

Sesbania-nixed grass 11.0 22.4 28.9 i6.8 .2.3 1337.6 3,0- 

Note: @W rpe~ies with relative biomass values exceeding I!: percent are repotted. Data collectec 
1975. 



Yn b 1 c i 0 

:)lffercncc between September and Kovcmber tierbage Bioniass ___--. 

(pounds/acre) for each Coumnlnit, 

Cciiimun i t y 

-~~ 

Spartina patens 

Andropogon 

Sporobolus-Oistichlis 

Monarda 

Spartina ?l..emiflora 

--_---.l_-.-- -- 

Pifference .In Riomass November Ciomn:~s 
(pounJs/acve) between Relative to 
kptembcr rind NoV~beP Sept&r Bi(M;tss 
1975 (3) 

---. -- --_- 

- 1030 76-7 

- 475 88.5 

- 293 hJ.0 

- 13 -2 93.0 

+:i36 168.8 

Sesbanja-mixed grasses + 625 146.3 

-- - --.__ --_---.. -_ 



( s 1 imspcyzikc thrccawr~) &and EsT-ostis silvcnnri (no c‘czmon name) . Ihc - ~-- 
increase neasurd in Spar-t! 1 altemiflorn c(31778mity reflects TCdiICtYi - 

gOat grating In the fall. Decreases in biomass reflected slow gr~‘.h 

and the onset of winter domancy. 

40. Litter weight in .Xov&-~r was about 253 greater than in t!re 

study site In Scptcmber (Table 11). Three ccrrrnmities, ,I~&~J-o-o-~-, -_ - 
Sporobolus-Distichlis, and Spartina altemiflora incrensd in litty!- 

biomass. In contrast, litter biorrnss decreased in +he Sprtina pat!xs. 

Sesbania-mixed p,rxs, and Monarda cmities. The high increase in the --- 
Spartina altcmiflora crx~~nmity was due to sarq~~ling as only one 7110: - 
occurred in this c-czununity and because goats stopped grazing frm 

LSepteraber until %v-ember. 

41. The increase of litter biomass in the And~gon and S~~:?M?US- _I_ 
Distichlis curmunities reflected the transfer of stand plot atcri.A 

-I 

- 
to litter with the onset of tinter don.ancy. This correlates with =he 

decrease in standing gl”Pen ?kmass in both critics. The Snartilla .-I-.-- - 
patens corrnumity decrezzed in both living biomass and litter froan 

Septmber to November. Vii.5 inplied a fast t urnover (decclmposi ticn I 

of fitter, Total litter increased in November from the level in 

September (Tables 12 and 41, although total production WP; down 

slightly. Androoogon peraqwtatus again crmtri,%ted +he rust bicxxkss --II 
42. A rqpxison of Tables 9 and 13 shows that. !A general, mire- 

cellancous grasses increased in iqxx-tance during the growth pex-lod 

September to Hoven&er. The only exceptions were the Spartina altzrniflcra --- 
and Soorobolus-Distidis cvities. The increase in tiscellneous - 
grasses in the I%narda corrmunity reflected the abrupt decrease in biomass 

production by Zkmarda citriodora, the c0rwnrnit-y doknant in Sept&xr. 

This decline was associated with establiskent and growth of miscella- 

neous annual grass spe&zs. Annual grass species also were established 

during this period on bare soil in the Sesbania-tied grasses corrxmity. -- 

33. Considerable shift in percent contribution of ttre major spcxirs 

to coexnunity biomass was evident from Septder to Noveher (Tables ?, 

13). Increased bicxxxss nxasured for Srorobolus visnicus as weli IS - ~- 



Tabie 11 

Ucvember Litter Biomass as a Percentage ol that in 

September for each Communi2 - 

comi Pf -- - 

Spartina patens 

Percent of cSept2mher 
Litter Bicxnass ---__- --- .----. 

59. -, 

Sesbania-mixed grass 

Monarda -- 

TI 

.7 

Andropogon 154.3 

.- 

Sporobolus-Distichlis 

Spartina alterniflora 

Overall for site 

256.0 

349.0 

125.0 
~__ 



:Ierbage Aerial Biomass Prcdut+,ion 5y Siteciz, on the 

A%llv;?r hnir,sula CtLtdy Site - 

(Famp~si in Novhr 1975) 

..- ___ -__ 

Species 
-_I 

‘4JxhpogoR pf?raRgustatus 

Spar.ina patens 

virginicus Sporobolus 

Scirpw americanus - --- 

!ba-opog~ ? gl~~ratus 

Fimbristylis carolini;mm 

I-kterotheca stiaxillaris 

pktraea Eustachys 

Sprtina altemiflsra 

Munarda ci:riodora 

~qplun sets-urn - ,- -- 

Misc. pas>. 

Xisc forbs . 

Misc. sedges 

Total 

Litter 

Minshay 

Seashore drcpseed 

.~ica.n bulrush 

Bushy bluestem 

Fi2lbr;v 

Camp- 

NOCorrsnOn~ 

!%moth cordgrass 

Lemon beebalm 

Thin pas~lwl 6.7 

Dry wei;;ht 
(pomas/acre~ 
-_ 

633.3 

584.8 

Zb8.7 

141.6 

123.1 

82.3 

68.8 

44.5 

31.0 

17.5 

615.3 

143.4 

l-3 . 7 
2773.7 

1108.9 

Perccn-: of 
Tot,11 

--. - 
73 7 IL..- 

2i.! 

10. b 

5.1 

4.1 

3.Q 

2.5 

i.4 

1.1 

0.6 

0.2 

22.2 

5.3 

cl.:! 

-~.-_-.------~_- ..--.-.. 
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Percent Contrihutim of Major Species to Flt."v&ge Bimw,L; for P1a.t Conmmitics on the - 
Bolivir Peninsula S%LY Lite - .-1 

Species -- 

Ckmnmit~ 
. 

hdmpogon 41.9 25.9 

TOtalT 
Card?nmity 

Area 
Ages) 

5.0 3659 ?X9!3 d-x 

SFrtina patens 65.2 12.3 3.4 X9 1x52s 2:: 

Spartina slterniflora 67.7 32.3 0.1 2788 279 

Sesbania-mixed grasses 22.2 37.6 12.8 2.3 1963 451s 1; 

Sponbolus-Distichlis 49.9 17.0 12.1 2.0 1960 3m ’ 

Motzrda 28.9 30.9 17.5 o-7 1742 1219 

Note: Only species with relative biomass values exceeding 10 percent are reported. Data coll~c 
November 1975. 
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. PART I’.‘: FAUNA 

45. In order to determine the responsa of wildlife populations to 

habitats created by dredged material disposat 4 baseline survey of the 

affected area must be accomplished prior to habitat alterations. This 

survey should give data concerning the diversity of animals present and 

an index to the degree of use of the area before the habitat alterationx. 

Few reports are available on animal colonization of salt marshes estab- 

lished on dredgedmateria1 @anzn&;& al.. .1974) or-other manmade marshes ._;... . 
(Herke 1971). Larimer (1968) discuss~ d the possibilities for creating 
salt marshes in estuaries along the A I?mtic and Gulf coasts. 

46,’ Terrestrial vertebrates in :x&s marshes have not been researched 

unless they vere of game or ether eco )mic value (Lynch 1.967, Chabreck 

1972). The- avian fauna is _ -nsused a nrally along the Texas coast ( 

(Cruickshank 1965-197A), buL only ret ltly has analysis of these data 

been attempted (Lee and Cain in prepa: Ition). 
I__- 

Me& .g 
-- ---- 

47. Birds. The avifaurk’wre c. ns&d by wal’king+fivc tx-kxxt lines . 
that divided the stxdy’site into fo& equal areas. These transect Xlnes ,. 

; were about 1SO feet apart, rurming east’ nd wesf for 2000 feet. Birds , , - 
wre record&d as seen or heard. Birds wro surveyed for tk hours fmn ., 

_ .’ half an hour after sunrise on two consecutive yearnings twice a Nlrtth. 

A litera,ure survey using anmaal’bird ccnxnts~ (&ui&s@k 1965-1974) IGIS 
used to detemine residency pus. 

‘48. l!xnmals. Small mamnals wkrtt trapped on four consecutive nights 

monthly frcm October through Dece 1975. Sheman live traps baited 
with hen scratch, a nonodiferr;us prepared fed of primnily milo‘and 

corn, were placed in a 7.8~acre grid 01 the east side of the kudy site. 
The grid lines covered all vegemtion types and wre 50. feet apart, 
running fron, bay to waterway. Traps wre spaced at SO feet. 

49. Cap- small mammals wre identifid, toe-clipped, aged, 

sexed, and released at the collectim point. Population estimates wr(5 
n&e using a modified !khnabel (1938) estimator in the fon 
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N-g+ where N - tot31 population 
M - total marked ani.rxls . 
n - total catch 
m - recaptures. 

This was us& sd that the time interval between trapping periods was not 
a factor in population trends. 

SO. Tdzzwk live traps baited with small fish were se!: for laqer 
mannals. They were also observed Mirectly by looking fi.:‘r evidence of 

their presence (i.e. pellets, tracks, &23ws). C2xxts (Go ,);ircus) 
were counted as t* visited the study site, 

51. $Ftiles. An&ibians and rcptims were collectti in conjmc- 
tion with the bird and mamnal surveys and with the use of a four-prony;cd 

r&s to turn owr debris. They were idcntificd and relcascd. Population 
estimates were not made. 

52. Invertebrates. bfa~tiinvertebrates, described herein as thor;e 
invertebrates not passing thxwugh a !G-mn mesh screen, were sampled using 

:, sweep net3, sieves, 8 i-m2 frame, and a O,+I? i2-m~. collections were 
Y mada on each site’visit dur3ng July, August, and September 1975, a& : “; ,’ ., A_ 

I ~ cowxed the entim site in 8 qualitative fashion. ‘L,, .) : i .:,y;,. * . . 53;’ .I’ Insects w&e collected I& taldng 20 sweeps with. the net while 
.’ 
: !. ,’ 

,.“‘.mwalki$g through the herbackus vegetation. kach sweep c&i&d with ,. .’ :‘-‘, .._ ‘v 
: ‘: .’ ‘.‘- a’ St&, and the area sampled was estimated at 20 m by 1 nt’ for each ,., .-.,i ., 

I : *~:~.sm@&$ I Five such samples. were ‘&I& on each site visit.. ‘All. t&r&t&l .,:., .I . S . 
,- . invertebrates were censused‘ I# placing 8 l-n2 ‘frame ovfx the vegetation I r .:- 

and sprqhg;,the enclosed ar&.tith~a pesticide (Raid for carden. Imxti . -: ‘ci,- \I 

and Pests); ‘The inve&brat& km coll6cted’fran the vq$atim as ‘it, ‘: 1 
)ms&& md spread aut’-‘& paper &&a, * -mans mm’-&&& : :. ‘:$i; ., 
gp&.&&g a r,Q* fm & th&+ & wting t.he m.tithfn ‘- .-,- ‘:,: .’ 

the fxqoe, Soit invertebrates. wexv collected and counted by sifting- ’ . ’ . :. 
15 as of soil fiorq a 0.3-m2 arecii &rough a sieve. Smpl!xg for crus- -’ 
taceans and soil invertebrates was limited to the iintertidal mm. 

,‘.- 
l-suits 

54, B&s. Nhety-eight species were observed, The mbn fauna 

on the site consisted of 41 species during July and incrwsed to 
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SO species in September (Table 14). The increase in September was due 

to fall migration. The avifauna decreased in October as some of the 

swmner nesting birds moved south. The increase in November and December 

is due to the inf’ux of winter residents, especially qwrow species 

(Table 14). 

55. Thirty-four of the bird species sighted are considered perma- 

nent residents along the coast of Texas. There were 35 winter residents, 

9 summer residents, and 20 migrants. Many of the resident species (19) 

feed on or;<anisms that are found in Galveston Bay or on its intertidal 

shores, 12 feed on insects or seeds, and 3 others feed on carrion as 
well as insects and seeds. 

56. TMlve of the species recorded on the site nest in the habitats 

rwailable on Bolivar Penimula. The killdeer, willet , and cormxm night- 

hawks nest on bare areas, the eastern mwdowlark uses grass, and the 

‘other specie:% (Table 14) nest in the Sesbania or tall hetbacecms plants. i * 
57. A qualitative~ccnnpariscm of the beach and upland habitats i 

showed that the upland had fewer’ species and lower diversity thzn the 
beach area. This is at least partly due to the inqmrtance of shore and I 

kamh areas in the winter mnths, the only time this survey tis done. 
! f 

‘58. ~MaImals e.-• Max&l diversity &a the study site was not high,: . 
.’ L 

with only 13 qecies obsermd (Table IS), 3 of them domestic. The mst 
‘1 

cmmn rmnwal:; tm-e x-a&m, hispid cotton rat, armadillo, and dmestic . . 
; ., *I 

’ : . : 
goat. The goats, which wandered across the study site as they grazed on 

the peninda, were est.imated at 150 in m&er. 

’ . .j:::‘- li 
._ : ,T, : ; , .z &,.~, : . . / 

59. The mall sramnal survey collected 136 hiqkd cotton rats and ~ ._ 1'. ; 

45 lxmse nice, Table 16 gives poprfation estimates. 
..’ : 

: ..* 
60. Females coqcqed 33.9% of the cott@n rats trapped and males 

66.1%, overall. The difference in ratios among mths was not signif- 
icant, but prcportimally mre males were caught in October than in 

November and h&ember than in Ikccmber. 

61. Adult cotton rats were mre often caught, ccmqming 80% 

(average) of those captured. lhe lcm percentages of jmeniles is 

probably related to the fact.that sociaXly subdominant cotton rats 
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Table 14 

Monthly Bird Fauna of the Boliva: Peninsula Study Site 

Common Name (Scientific name) Jul 
.- 

Horned grebs 
(Podiceps auritus) 

Eared grobe 
(Podiceps caspicus) 

White pelican 
(Pclecanus erythrorhynchos) 

Double-crested cormorant 
(Phalacrocorax auritus) 

Anhinga 
(Anhfnga anhinga) 

Canada goose 
(J3ranta canadensis) 

WWte-fronted goose 
(Anser albifrons) 

.Snou goose 
(Chen Ayperborea) 

Lesser scaup 
(Aythya affinis) 

Marsh hawk 
(Circus cyaneus) 

l-lards hawk 
(Parabuteo micinctus) 

Aug Sept act Kov Dee 
--- 

9 

4 

4 

+ 

* 

4 

4 

Notes: B - sitting on bay shore:c)r'~n&tidal wate%; F iwfl&*m& -, 
thesitp;-p* perching m,the-ground- or vegetation; R - permanent 
resident; J4. -winter or swwmx migrant; W - winter resident 
4 = an identification made on the study site or flying over the 

site 
- = not seen during this month 
l - nested on the study site. 
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Table 14 (CONTINUED) 

Common Name (Scientific name) Jul Aug 
-.- 

Osprey 
(Pandion haliaetus) 

Common egret 
(Casmerodius albus‘ L 

Cattle egret 
(Bubulcus ibis) -. 

Snowy egret 
(Egntta thula) i --- -. . 

1 
Great blue heron 
(Arde% herodias) m- 

Louisiana hero? 
(Hvdranassa &&o~) 

Little blue heron 
(Florida caerulea) 

Bl'ack-cruwned night heron 
QIycticor2x nj cticorax) 

Yellow-crowned night heron 
(Nyctanassa violasea) 

White-faced ibis 
<Plegadis chihi) 

White ibis 
(Eudocimus albus) 

Roseate rponbill 
CAJaia ajaja) 

Virginia rail 
(Rallw Liaicola) 

American avocet 
(Recurvix-ostra americana) * 

Black-necked stilt 
(Himantopus mexicanus) 

(F,W 

U',R) 

@,R) 

@,Ql 

(B,R' 

(B,R) 

(F,Rl 

(F,R) 

(F&l 

(P,n) 

@,M) 

(B,W 

42 

+ 

+ 

9 

4 

*. 

4 

4 

+ 

* 

+ 

+ 

+ 
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Table 14 (CONTINUED) 

Common Name (Scientific name) Jul Aug Sept 

Black-bellied plover 
(2guatarola squatarola) 

Piping plover 
(Charadrius meiodus) 

Snowy plovei 
eadrius alexandrinus) 

Semipalmted plover 
(Charadrius semipalmatus) 

Wilson's plover 
(Charadrius nilsonia) 

Killdecr 
(Charadrius vociferus) - --- 

Long-bil1r.d curlew 
@t.uneniw americanus) -- 

Spotte/. sandpiper 
(Actir.is macularia) 

nIllet 

(B,W 

(B,W 

(B,W) 

(B,Ml 

(B,R) 

(F,Q 

(B,u) 

(Catoptrophorus semipalmatus) (B,R) 

Greater yellowlegs 
~otanu!3 melanoleucus) 

Ruddy turnstone 
(Arenar.Ea interpres) 

Pectoral sandpiper 
(Erolia melanotos) 

Dunlin 
(Erolia alpina) 

Knot 
(Calidris canutus) (B,W 

Sanderling 
(Crocethia alba) -- @,W + 

43 

Ott 

+ 

+ 

+ 

4 

4 

+ 

Nov 

+ 

+ 

4 

._ 

4 

4 

4 

4 

4 

4 

4 

4 

Dtc 

4 

4 

4 

4 

4 2 

4 

4 



Table 14 (CONTWUED) 

Common Name (Scientific name) Jul 

White-rumped sandpiper 
(Erolia fusciccllis) 

Least sandpiper 
(Erolia mi.nutilli+) 

Semipalmatad ra;ldpiper 
[Ereunetcs pusillus) 

Herring gull 
:Larus argentatus) 

Ring-billed gull 
(Larus dcIawarensisj 

Laughing gull 
(Lax-us atricilla) 

Least tern 
(Sterna bilbifrons) 

Common tern 
(Sterna hirundo) 

Forster's tern 
(Sterna forsteri) 

Gull-bi?ied tam 
(Gelochelidon niloticg 

Royal tern 
(Thalasseus maximu:-) 

Caspian tern 
(Hydroprogne caspia) -- 

Black tem 
(Childonias niger) 

Black skimmer 
(Rynchops ni=) -. 

Mourning dove 
[+na;ida mcruura) 

(FsW 

CB,W 

@,M) 

(F,W 

(F,Rl 

(B.R) 

(F,R)* 

(FsP.1 

ULM) 

(B,R) 

(F,R) 

(B,Rl 

(FM 

(FaRI 

(P,R) 

+ 

+ 

4 

4. 

+ 

+ 

+ 

+ 

+ 

+ 
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Aug 
-- 

4 

* 

+ 

4 

+ 

+ 

+ 

+ 

+ 

4 

+ 

Sept Ott Nov 

- 

+ 

+ 

+ 

4 

+ 

4 

+ 

4 

4 

+ 

3ec 

4 

+ 

+ 

+ 

4 . 

+ 

+ 

+ 

+ 

*  
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Table 14 (CONTINUED) 

Common Name iScientific nane) 
--- - 

Yellow-billed cuckoo 
(Coccyzus americanus) 

Common nighthawk 
(Chordeiles minor) 

Ruby-throated hummingbird 
(Archilochus colubris) 

Scissor-tailed flycatcher 
(Muscivora forficataj 

Eastern kingbird 
(Tyrannus tyrannus) 

Great crested flycatcher 
(Xyiarctus crinitus) 

Eastern phoebe 
(Sayornis phoebe) 

Barn swallow 
(Hirundo rustica) -- 

Rough-winged swallow 
(Stelgidopteryx ruficollis) 

Purple martin 
(Progne subis) 

Common crow 
(Corvus brachyrhpchos) 

Short-billed marsh wren 
(Cistothorus platensis) 

Mockingbird 
(Mimus polyglottos) 

Brown thrasher 
(Toxostoma rufum) 

Robin 
(Turdus migratorius) --. 

(P ,w 

(P,M) 

U’,W 

(PM 

(Pal 

U’,R) 

(F,M) 

(F,Rl 

K-3) 

IF,Rl 

(P,W 

Jul Aug 

+ 

* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Sepr Ott vov 
__ 

+ 

+ 

+ 

Dee 
-.- 

* 

(P,R) + - - - - - 

(P,R) - - + - - - 

(P,W) - - + - - - 



Table 14 (CONTIWED) 

Common Name (Scientific name) 

Veery 
(Wylocichla fuscesens) 

Blue-gray gnatcatcher 
(Polioptila caerulea) -- 

Ruby-crowned kinglet 
(Regulus calendula) 

Water pipit 
(Anthus spinoletta) 

Sprague's pipit 
(Anthus spragueii) 

Cedar waxwing 
(Bombycilla cedrorwnj 

Loggerhead shrike 
(Lanius ludovicianus) 

White-eyed vireo 
(Vireo griseus) 

Orange-crowned warbler 
(Vermivora celata) 

Louisiana waterthmsir 
(Seiurus motacilla) 

Eastern meadowlark 
(Stumella magna) 

Red-winged blackbird 
(Agelaius phoeni ceus) 

Boat-tailed grackle 
(Cassidix mexicanus) 

Common grackle 
(Quiscalus quiscula) 

Brown-headed cowbird 
(Molothrus ater) 

(P,R) 

(P,W 

(B,W 

(B,W 

PSW 

U’,Rl 

U’,Rl 

U’,R) 

P,R) 

V’,R) 

O’,R) 

(P,Rl 

Jul Aw3 Sept Nov Dee 

* 

+ - 

4 4 + + 
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Table 14 (CONCLUDED) 

- 

Common Name (Scientific name) Jul 

Orchard oriole 
(Icterus spurius) 

Baltimore oriole 
(Icterus ralbula) 

Blue grosbeak 
(Guiraca caerulea) 

Ssvannah sparrow 
(Passerculus sandwichensis) 

Grasshopper sparrow 
(Ammodrxrius savannarun) 

Le Conte's sparrow 
(Passerherbulus caudacutus) 

Seaside sparrow 
(Ammospiza maritima) 

Vesper sparrow 
(Pooecetes gramineus) 

Chipping sparrow 
(Spizella passerina) 

Field sparrow 
(Spizella pusilla) 

Swamp sparrow 
(Melospiza georgiana) 

Song sparrow 
(Melospiza melodia) 

P,W + 

(P,W - 

(P,M) - 

(P,W) - 

(P,W - 

(P,W - 

U',R) - 

(P,W> - 

(P,W - 

(P,W> - 

(P,W - 

(P,W - 

Aug Sept Ott Nov Dee 
- I__ - I- ---I 

c -P 

+ _. _ 

+ ._ 

- .  + 

I  

A 

+ + 

z. + 

9 + 

+ 

+ 

+ + 

+ + c 

TOTALS 41 43 50 37 43 45 



Table 15 

Yammals Captured or Seen on the Bolivar Peninsula Study Site -_ -x- 

Species 

_Didelphis marsupialis 

Blarina brevicauda 

Procyon lotor 

Spilogale putorius 

Yyo aster coypus -- 

Mus musculus 

Sigmodon hispidus 

Sylvilagus aquaticus 

Sylvilagus floridanus - 

Dasypus novemcinctus 

Capra hircus 

Bos indicus 

aris aries -- 

Common Name Abundance" 
__--- l___l_-__- .-._-I_^ 

opossum r 

short-tailed shrew r 

raccoon VC 

spotted skunk 5 

nutria T 

hous‘ mouse C 

cotton rat vc 

swamp rabbit c 

cottontail rabbit r 

armadillo vc 

goat vc 

COW C 

sheep C 

-- 
*r = rare, seen only once; c = conrnon, seen occnsional?y: vc = wry 

cormnon, seen or captzured every visit. 
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Table 16 

Population Estimates of Small blllialS on the Studv Sit_e, 1975 - 

Species 

Sigmodon 'lispidus 

Mus musculus 

Population per Hectare -. 
Get _ - ?jo\r . Dec. 

_~ ____, -- ---. I. 

25.3 35.3 .1!1.! 

* 1.6 10.; 

* Population too low Co estimate 
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(juveniles) do not enter txaps as readily ‘as socia.lIy kminant [ac!:.!:t) 

individuals. 

62. :~bst of the rats were collected from t?o Cnnrtinna r?atcns 2nd __I_- - 
Andropogon cocmities. These apparent!.y provikd adequate prot2c:im 
in the form of cover. 

63. The house mcuse was ilot trapred in sufiici,?nt nukcrs to f‘-,t:.- 
mate its popula m until November. In December, trnrq~~I ;uximnlL k'tfe 
73.3% male ad 26.7% female. 

64. The ?4onarda cmrtity suppox-tcd the largest house mouse r:i':m- 
lation, with Spartina second. Sesbania-mixed grass supported the ;o.qest. 
Vegetative cornnuni ty use by :he ho7use mouse was tbas cqosite that by 
the cotton rat. 

65, The number of other mammals captured or seen was nail and no 
population estimates were made. Eighteen raccoons were collected ?rom 
the study site and moved to the mainland to reduce interference with the 

small Iilanival survey. Xabbits were abundant, esth..,ted to be at least 

one per Factare, based on periodic sighting and scats. Xxtria were seen 
in the marsh, <and skunks and armadillo in a11 ves.:tat'-n types. 

66. ~Nonnal mananal species numbers on the mainland adjacent to 

Galveston Bay are I§-16. High m ers, .such as foul A in a refuge, xuld 
be 22. This study site'9 ten is comparatively low. 

67. Herptiles. The diversity of reptiles and amphibians on the 
study site was low with only 11 species sighted (Table 17). Eight of 
these feed on insects and two (cottcmmath and kingsnaT 1 feed c" 

maxmnals and birds. The salt marsh snake also feeds on crabs and 

crayfish. Population estimates of reptiles and amphibians were not r-ado 

due to the low numbers observed. 

68. &m-c&wertebrates. The macroinvexcebrnte fauna was samp cd 

from the edge of Galveston Bay to the GIN. Population estimates of only 

a few forms were made since the techniques used did not allow for col- 

Iection of quantitative data for all groups. Other species were reported 

as observed (Table 18). Species represented are considered similar to 

those in other sections of Galveston Bay. 



- - ___-II_ 

?hhe r of 
Species CixllJnon i1iime Obsemations 

-II 

:hfo ~r?liice~ gulf CoaSt "Loau 

Gastl-ophryne cwolinensis narrow-mcurh ~'rog 1 

Eurneces sp. skink A 

Cnemidophorus sexlineatus six-lined racerunner 5 

Phrynosoma comutum Texas homed lizard 3 

Ophisaurus attenuatus glass lizard 'T 6 

TelTapene omata omata ornate box turtle 4 -~ 

T'hamnophis sirtalis sirtalis eastern garter snake 1 

Natrix fssciata clarki salt marsh snake 5 

Agkistrodon piscivoms cottomuth 2 

Lamprooeltis getulus holbrooki speckled kingsnake L 
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Table 18 

Macroinvertebrate Fauna of.tht Bolivar:Peninsula Study Site 

ORDER 

-- 
CAPITELLIDA 

LABIDOGNATHA 

sc0RP10NEs. 

ACARINA ', 

IsoPoDA 
’ DEXPODA 

ODONATA 

ORTHOPTERA 

FAMILY COMMON POPULATION 
SPECIES . . . . . . . . ..NtWE. ,... . (M2)., 

CAPITELLIDAE polychaeta 
.Mediomastus californiensis 18.0 

EUNICIDAE pol.ychaeta 
910 

unidentified 6.0 
Succinea ovalis , land snail 2.0 
‘Succinca sp. land snail 4.0 

land snail 0.5 
land snail 0.1 

DYSDERIDAE Gysdorsids spiders 0.5 
LOXOSCELIDAE 
THERIDIIDAE ' -1 

brown r;pidors 1.0 
cobweb spiders 0.1 

LINYPHIIDAE 
ARANEIDAE " 

dwarf spiders 2.0 
orb-weavers 1.0 : 

TETRAGNATHIDAE -, 0.1 
LYCOSIDAE wolf spiders , 0.2 
THOMISIDAE ' '; _*.".. ‘crab spiders 0.2 ._.' 
SALTIDIDAE : .- jumping spiders 0.2 ,/ 
BUIHIDAE -s -' .: ,,r I"' centruroides o.1 1 ,;: :. 

lx(-,DfDa .:. : i :“ ,j',- .' 
Amblyomma &erican&: 1': tick 4.0 ., '. ,. 1 

ARMADILLIDIIDAE 1, 1 ..I I pill bug I,', 0.2 : :: 

PAGURIDAZ 
,, 
j . ', 

hermit crab ; , y. ; 

_’ ” 
AESHNIDAE : 

‘. 
Aeshna sp. darners -' ..' 

LIBELL!JLIDAB 
Sympetrum sp. skimmers o,l ~. 

COENAGRIOMIDAE 
Enallagma damselflies' 0.1 

ACRIDIDAE short-horned 
grasshopper 6.0 

TETRIGIDAE 8 pygmy grasshopper - 
TE'ITIGONIIDAE long-horned grass- 

hopper 
GRYLLIDAE ground cricket 2.0 
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Table 18 (CONTINUED) 

ORDER 

DERMAF'TE?(A 

HEMIPn%A 

HoMoPTl=~ * 

COIEOPTERA 

. -. 

, 

NEUROPTERA 

FAMILY COMMON POPULATION 

SPECIES. .,, _., '..NAME (M').. 
--F / 

PMSMATIDAE walking stick 0.1 j 
MANTIDAE mantid 0.1 
BI.KlTIDAE‘ cockroach 
BLATTELLIDAE woodroach 

LABfDURIDAE 
Labidura sp. earwig 1.0 -- 

% BEtOSTOMATIDAE water bug 
PENTATMIDAE : stink bug 1.0 
REDWIIDAE assassin bug 
LYGAEIDAE seed bug 
LARGIDAE largid bug * - 
CYDNIDAE burrower bug. 
MIRIDAE plant bug 2.0 

CICADIDAE cicadas 1.0 
CICADELLIDAE leafhoppers 3.0 
FULGOROIDAE planthoppers - 
APHLDIDAE 

-. 
aphids :. *- 

DIASPIDIDAE -scales a. 

CIC&DEI,IDAE ,.-, tiger beetles 6.0 : 
CARABIDAE ground beetles, 2.0 ;' 
STAFHYLINIDAE 1-l. rove beetles 1.0 
LAMPHYRIDAE 1 -fireflies :- 1.0 .' 
DERMESTIDAE : '-_ demistids -- ';: - --;/ :f 
MELYRIDAE _. 
CLERIDAB 

flower beetles ., _' - ,: ._ ,' 
I. checlcered beetles: 

ELATERIDAE .,. . * click buctles : ,. , .I I_' - ,' 
BUFRESTIDAE ." wood-boring beetles: "- '.". 
DASCILLICAE ' -, . soft-bodiedplant -1 .- ;:., 
CIJCUJIDAE 
COCCINELLIDAE:- 

flat bark beetles- -.:, 1.0 .I 
I " .$( lddybird beetles -I: -2.0. :..L';- 'I' .:. 

CEPHALOIDAE false longhorn . . :‘ :.: _. 
beetles *..: ,'. 

+: : i, : ,:I;:; 
.\ '.-' 

ME!LOIDAB ., blister beetles y~7,1.0 ~e~a;,~~.~.*~:'~ 
TENEBRIONIDh ' - :, 
ANOBIIDAE 

darkling beetles. t 2.0. .-, =:- “.j::: . 
anobids .-. 

LUCANIDAE stag beetles .,.I' -. :. .' 
SCARABAEIDAE scarab beetles 

3.0 ..I r i' 

CERAMBYCIDAE long-horned beetles 2.0 
CHRYSOMELIDAE leaf beetles 1.0 
CURCULIONIDAE snout beeties 1.0 
RHYNCHOPHORIDAE grain weevils 1.0 

CORYDALIDAE .*. dobsonflies 
CHRYSOPIDAE lacenings 
MYRMELBONTIDAE antlion*. _ ~ .. 



Tab& i& (CONCLUDED) 

OREER 

'IRICHOPTERA 

LEPIDOPTERA 

DIPTERA 

HYMENOPTERA 

FAMILY COMMON 

SPECIES NAME.. 
POPULATION 
(2) 

PHRYGANEIDAE 
LIMNEPHILIDAE 

large caddisflies - 
northern caddisflies - 

PAPXLIONIDAE swallowtails 
PIERIDAE sulphurs 
DANAIDAE milkweed 
HELICONIIDAE heliconiana 
SPHINGIDAE sphinx 
ARCTIIDAE l - 

tiger me6 

LASIOCAMPIDAE tent caterpillars 
GEOMETRIDAE grtome;ers 
GELECHIIDAE! grain moths 
PSYCHIDAE bagworm moths 

TIPULIDAI? crane flies 
PSYCHODIDAB sand flies 
CHAOBORIDAEZ plantom midges 
CULICIDAE mosquitoes 
CElWl'OPO~~IDAE biting midges 
TABANIDAE horse flies 
'ASILIDRE robber flies 
SCIOMY~DAH. marsh flies ' 
MUSCIDAl: . house flies. 

IcHNEuMoNILiAB ' 
TIPHIIDAE 

..idhnkumdns ',' 1. ) 

MUTILLIDAI!' 
tiphi& .:‘ ,.:. 
velvet ants 

FORMICIDAE ants 
APIDAE? bees \ 

54 



69. The most connon ixwertebrates wwe grasshoppers and land 
snails. The mud fiddler crab was very nwxuus (Table 18) in the 

restricted habitat occupied (i .e, mud are:as around freshwater marshes). 
Ghost crabs were IxumeTwus 
the t5lsmer months. 

70. Polychaeta were 
the trip six i.ncLhes of the 

along the bay !.&ore as were tiger beetles in 

~~~SOUS (181/m*) in the beat-3 soil within 
Surface. Other laxng (1nsec:ta) were also 
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PART VI: SEDIMENT CHEWSTRY 

71. Baseline information regarding the soils and sediments presently 

located in the proposed study site was collected in this phase of the 

study. The information collected will determine the chemical and physical 

characteristics of the sediments prior to proposed dredging and disposal 

operations on the site. 

72, Sediment and soil samples were analyzed to determine those 

agronomic properties that were considered important to the establishment 

,-of marsh vegetation. Potential pollution and toxic characteristics of 

the materials were also examined. 

‘Methods 

73.. Nine sediment cores were taken along three of the random 

transect lines in the study site. Sediment cores were taken with a 

stainless steel coring device fitted with a PVC liner. The PVC liners 

were cleaned with nitric acid and thoroughly rinsed with distilled water 

prior to use to prevent contamination of the sediment sample. Also, 

each liner was precut to the proper length, then taped prior to insertion 

into the coring device. Each core was about 110 cm in length. 

14. ’ Immediately after the core was taken, the plastic liner was ‘..- 

extruded from tha core barrel into a large glove bag that had been : 

purged with nitrogen (Nz) gas. The core sections Mere separated (10-A.. d: .‘..-: ., i 
top section, and successive 25-an lower sections) and each end of the .- . .” 

section capped while it was in the glove bag. Core sections were then ‘. ._ ;) ., 

transported to the laboratory for further analyses. _ : 

:7f”i. Each core section was extruded from the PVC liner in the 

, ~ Jaboratory under a nitrogen atmosphere. The Eh and pH measurements ~ 

were made in the glove bag to prevent oxidation of the corer A small 

portion of each core section was’sealed under a nitrogen atmosphere in ’ 

a plastic vial to be used for sulfide analysis. 

76. The cores were removed from the glove bag. Half of each core ’ 

section was used for soil classification, and the other half was stored 

at 4’ C for subsequent analyses. 

77. Interstitial water samples were taktn in the field from the 

sediments in situ. PVC pipes, 6 inches in diameter and 4 feet long, were 

driven into the ground. The sediment was removed from the inside of tne 

PVC pipe. Plastic gas dispersion tubes were fitted through holes drilled 
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in the wall of the PVC pipe so that the porous ends of the dispersion 

tubes were sticking into the sediment. Plastic vials were attached to 

the dispersion tubes, and a partial vacuum was applied to pull the 

interstitial water from the sediments (Figure 3). When full, the 

plastic vials were removed, and the interstitial pore water collected 

was acidified. with hydrochloric acid- (HCL) *The plastic vials were then 

sealed and stored at 4'Cprim to,I.nterstitial water analysis. 

Total core analysis 

78, Eh and pH. Measurements of these two parameters were made 

in an oxygen-free atmosphere. The Eh measurements were made with a shiny 

platinum electrode and a calomcl half-cell as reference; pH measure- 

ments were made with a standard glass electrode and calomel half-cell. 

The electrodes were placed in the center of each core section prior to 

Eh and pH measurement. 

79. Total sulfide (%?aton and Burns.1968). A sediment sample was 

placed in a Kjeldahl flask and mixed with distilled water. The sample 

was boiled under a nitrogen atmosphere while KC1 was being added. The 

hydrogen sulfide (H2S) evolved was trapped in a cadmium-zinc acetato - 

.solution. Excess iodine solution was added along with HCX. The excess 
godine was Iback-titrated wit%< standard -so@im; ~$hiosulphate soitition. ,..- . . 
Results are reported in units of milligrams per kilogram of wet sediment. 

80. Particle-size distrlbueion (Day 1955). Percent sand (> S&z), 

silt (2-S%), and clay (c a) were determined for each section by the I 

sieve-pipette method. 

81,: Total organic matter (Allison 1965). Readily oxidizable organ&z 

matter in the sediment sample was oxidized by dichromate ion (Cr207 -*I in ” 

the presence of sulfuric acid (H2SOi). The excess Cr207-* was determined 

by titration with a standard ferrous sulphate (FeS04) solution. The 

quantity of organic matter oxidized was calculated from the amount of 
-2 

Cr207 reduced. All results are reported as percent organic matter in 

the dry sediacnt. 

82, Tc*.al organic nitrogen (Bremner 1965a). A sediment sample was --- 
placed into a lo&ml micro-kjeldahl flask. A potassium sulfate (K2S04) 

catalyst mixture was added to the flask along with concentrated sulfuric 

acid (H2S04). The flask was boiled until the sediment sample was properly 
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digested. The total organic nitrogen present was determined by steam 

distillation of ammonia utilizing a boric acid (HIBOx) indicator solution. 

Data will be reported as milligrams of nitrogen per kilogram of dry sediment. 

83. Ammonium (Bremner 1965b). Exchangeable ammonium was extracted 

with a 2-N potassium chloride (Kl) SO' Ition and the ammonium-N(NH;-N) 

determined by steam distillation. Data will be reported as milligrams of 

nitrogen per kilogram of dry sediment. 

84. Cation exchinge capacity (Keeney and Bremner 1969). The cation 

exchange capacity was determined by treating the sediment sample with 

1-N Lammonium acetate (NHqOA) (pH 7.0). after which NH40A was removed by 

leaching with an ammonium niLrate (NH4NQ3) solution. The treated sample 

was analyzed for NH;-N and NO;-N by steam distillation methods. Data 

will be reported as milliequivalmts per 100 g of sediment. 

85. _ Extractable orthophosphate (Watanabe and Olsen 1965). Ortho- 

phosphate was extracted from the sediment sample with distilled water 

(H20). Ammonium molybdate-antimony potassium tartrate and nworbic acid 

reagents were added. The extractable orthophosphate was then determined 

by the intensity of the blue color produced. The results will be re- 

ported as milligrams of phosphorus per liter of solution. 

86. Metals (atomic absorption methods) (U.S. Environmental Protection 

Agency (EPA) 1974). A sediment sample was completely dissolved using 

hydrofluoric acid (HP), nitric acid (HNOS), and perchloric acid 

WQ4) - The metals released wore determined by flame and flameless 

atomic absorption methods. The results will be reported as microgrfams 

of metal per gram of sediment. 

Interstitial water analysis 

87. Nitrate-N [U.S. Environmental Protection Agency (EPA) 1974). 

Nitrate-N was reduced to nitrite with cadmium-copper (Cd-Cu) catalyst. 

The nitrites (those origipally present plus reduced nitrates) were 

reacted with sulfanilamide to form a diazo compound which was then 

coupled with N-(1 napthy):-ethylenediamine hydrochloride) at pH 2.0 to 

form the azo dye. The ato dye intensity, which was proportional to the 

nitrate concentration, was then measured. Separate rather than combined 

nitrate-nitrite values were readily obtainable by carrying out the pro.. 

cedure first with and then without the initial Cd-Cu reduction step. 

59 



Data will bt reported as milligrams per liter of nitrate-N. 

88. Nitrite-N [U.S. Environmental Protection Agency (EPA) 1974). 

A diazonium compound formed by diazotization of sulfanilamide by nitrite 

in water under acid conditions was coupled with N-(l-naphthyl)-ethylene- 

diamine to produce a reddish-purple color, the intensity of which was 

then measured. Data will be reported as milligrams per 1itr-c of 

nitrite-N. 

89, Ammonium-N (U.S. Environmental Protection Agency (EPA) 1974 . 

This distillation method can be used to measure amc~ium-N exclusive 

of total Kjeldahl nitrogen in surface waters, domestic and industrial 

wastes, and saline waters. 

98. The sample was buffered at a pfi of 9.5 with a borate buffer 

to decrease hydrolysis of cyanates and organic nitrogen compunds. It 

was then distilled into a solution of boric acid. The ammonia in the 

distillate was determined titrimetrically with standard H2S04 and a 

mixed indicator. The results will be reported as milligrams per litre 

of ammonium-N. 

n, Total Kjeldahl nitrogen (U.S. Environmental Protection Agency 

(EPA) 1974). he sample was heated in the presence of concentrated 

sulfuric acid (H2m4), potassium sulfate (K2S04), and magnesium sulfate 

(MgS04), and then evaporated until sulfur trioxide (SOS) fumes were ob- 

tained and the solution became colorless or pale yellow. The residue was 

cooled, diluted, and made alkaline with a hydroxidithiosulfata solution. 

The ammonium was determined titrimetrically after distillation. 

92. Total phosphorus and orthophosphate (U.S. Environmental Pro- 

tection Agency ‘9 19742; The method is based on reactions that are - 
specific for the orthophosphate ion. The methods are applicable to the 

range of O-01- ; milligrams per liter of phosphorus. 

93. Ammonium molybdate and potassium antimony tartrate were reacted 

with dilute solutions of phosphorus to form an antimony-phospho-molybdate 

complex. This complex becomes an intense blue when ascorbic acid is added. 

The color, which is proportional to the orthophosphate concentration, ras 

then measured. The data will be reported as milligrams per litre. 

94. Dissolved organic carbon (U.S. Environmental Protection Agency 

(EPA) 1974). Five ml of filtered interstitial water, 0.25 ml of 6 percent 
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phosphoric ac! d (H3PO4), and 0.2 g of potassium persuifate (K,S,!Is) tiere 

placed in a IO-ml glass ampule. Hot oxygen (3,) gas was bubble; through 

the sample, and after 6 minutes the ampule uas sealed with a flame. The 

sealed ampules were placed overnight in an oven at lid3 centigrade (C) 

to convert the organic carbon to carbon dioxide (CO,). The evoived CO2 

was measured by an infrared detector. The results iill be reporred as 

milligrams of carbon per litre. 

95, Metals (atomic absorption methods) (U.S. Environmental Protec- ___-- 

tion Agent,- (EPA) 1974). Metals in solution Were determined by etcnic 

absorption spectroscopy. A Perkin-Elmer mode! 403 atomic absorption 

spectrophotometer was used. The results will be reported as micrograms 

of metal per millilitre of solution. 

Results 

96. Nine separate locations wore chosen from which cdre samples 

to a depth of 107 cm would be taken (Figure 4). The locatiorx were 

chosen to coincide with and transect the major vegetation types on 

the Zolivar site. Three core samples were taken from an upland location 

where oxidized conditions would be expected to exist throughout the 

profile. Intermediate locations were chosen to include sites where the 

profile was generally oxidized in the surface but reduced in the lower 

profile and where a free water table might exist. The last three loca- 

tions were in the intertidal drea and were saturated with water at all times. 

97. Initially, six profiles (cores 1-6) were sarapled and transported 

to the laboratory. Attempts were made to extract sufficient interstitial 

hater to perform chemical analysis. However, due to the low total 

water content of the sediments and low compressibility, it was not pos- 

sible to extract enough water by centrifugation or by compression for 

analysis. It was then decided to extract interstitial water in the field. 

The remaining three cores (7-9) and the interstitial water samples were 

taken about a week later. Due to the large volume of interstitial water 

needed for all chemical analysis, an additional set of water samples 

were pulled about a week after the first set of interstitial water samples 

were taken. Because of the problems involved in obtaining interstitial 

water samples, some care must be taken when comparing interstitial water 

analyses to corresponding core analyses. Interstitial water samp!es and 
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Figure 4. Bolivar Peninsula experimental site with locations of nir core smplc: 
taken for chemical and physical analysis 
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_ W.iIIpicS were ;Xlllcul at different ttis ;uld, ii1 541W ;:i..~‘:;, :-:-z4n 

hl !Ghtl\- di ffcrerlt lo<...tions. 

9s h!i.Wnt SJV~~S taken to a depth of iUp* \Y ‘AC!TC I! i <:!j,d\. :!I 

tcx :urc . ‘!bcrc wds scfne variation with depth 111 :CT?S of texture. <~!(jr, 

;Ir:(! organic matter, There were also some pi,ets of -;hel Is. si: t , .I& 

cl.1y. COlllpltX,- iore descriptions are riven in .$q:~n:!ix 5’. 

‘fnland sites L--- 
99. Cores were taken near the baseline and nunber& as cores 1, 4, 

and 7. Data for core 1 are given in Tables l? and 20, core 4 in : Jbles ‘1, 

d 22 ‘an , and core 7 in Tables 23 and 24. For these: sites there was in- 

adequate soil misture for interstitial water samples. 

100. Color, as determined frm the ?4msel color charts, was con- 

sistent for the three sites. The normal reading has 10 YR 5/Z tZ: ?u&ut 

most of each profile. 

101. Moisture content of the cores varied, prinariiy because of the 

time of sampling. Cores 1 and 4 were taken prior to and core 7 was taken 

following a rainy period. The primary difference was the high moisture 

content throughout the profile of core 7. Core 7 also had a lower Eh 

value in the lower section of the profile. 

102. Textural analysis of the cores shawl that t&he profiles are sand 

to a depth of lb7 cm. Sand content of the sediments ranged from 38.4 

to 95.97 percent. Clay content ranged from 0 to 5.00 percent. However, 

in most profiles the clay content was less than 2 percent. 

103. Eh :,llues generally reflected the moii*ure content of the 

profiles . The lower the moisture content, the hiqkr the redox potential 

of the core section. pH values were all abowe neutrality. Individual 

horizon values ranged from a low of 7.10 to a high of 8.~10. 

104. Total organic nitrogen and organic carbon were clo;ely related. 

4s the organic carbon increased fm 0.04 to 0.36 r;enent, the organic 

nitrogen also increased from 21 to 202 mg/kg. 

105. Exchangeable ammonium (NH:) was generally low (< 0.30 @kg). 

Core 7, which was taken after a tropical storm had moved through the 

area, had consistently high amounts of exchangeable \.I;. Water-exTractable 

orthophosphate was relatively high with most values ever 0.10 ng/k~:. 

\'a 1 ues rsngej L‘Si3z 3 low of 0.042 to 0.741 mg/kg. 
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106. Cation exchange capacity for the threa upland locations was 

lon and ranged from 0.08 to 3.40 w/100 g soil. There was no trend in 

cation exchange capacity down tho length of the core. 

107. Sulfide content of tha core sections was low and appeared to 

decrease slightly with depth in the profile. Sulfide vslues range from 

less than 0.58 to 1.26 pg/g. 

108. Fertility analysis on the top section of each core is given 

in Tablo 25. Exchangeable calcium was ycry high and exceeded levels of 

6000 Ka/h. Exchangeable magnesium ranged from nedim to high with values 

averaging around 220 PMg/A. Extractable phosphorus gpproximately 40 UP203/ 

A) and exchangeable potassium (approximately 120 IK20/A) 8m in the low 

to medium range. No salinity hazard appeared to exist in the upper pro- 

file of the upland area when these samples were collected. Concentrations 

of available zinc, iron, and uqganese wed frcxn medim to high. 

109. Total analysis for olevcn different lsetals on each core section 

showed no relative trends (l”kbles 20, 21 and 22). Calcium values fluctuated 

somewhat but these were probably due to the mount of shell material found 

in the soil samples. Higher calcium values uere usually accompanied by 

increases in potassium, iron, magnesiun, and manganese. Lead values 

rnngcd from 3.9 to 19.2 ugfg. Cadmium values usually averaged lass than 

1 vgfg down the cores. Mercur/ values ranged from 0.02 to 0.08 vgfg 

throughout the COTbS. 

Intermediate sites 

llC, Sedinent corn and interstitial water analyses am given for 

sample cores taken from intermediate positions in the study site in Tabltk.: 

Q6:31; color, moisture content, texture, and pH at these three sites 

were similar to those for the upland sites. 

111. Eh p-tentials for these locations were different froa those of 

the upland locations. Generally the potentials were positive fn tho 

upper portion of the horizon and decreased with depth as the result of 

saturated conditions at the lower depths. In fact, moisture content 

was high enough that interstitial water samples could be collected 

from the upper horizons of cores 5 and 8 and from depths below 35 cm for 

col-e 2. 

112. With the exception of core 5, organic matter percentage was 

low (< 0.09 percent). Theso low values were alsa apparent in the cor- 
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resp0ndiing low values ror org;,.lic nitrogen. The two upper gect.icni of 

core ‘5 were h+,her in organic matter with Q.40 :md I.14 percent for the 

O-10 and LO-.J!i ,rm depths, respectively. Corresponcllng organic nit:ogcll 

soncent rations were also high in these two sections with values of 

238.2 and 13:. .L ny N/kg. 

113. Ext:e:lctablc ;Irmaonium-N was relatively low .It all depths in 

the profiles except for the LO-35 cm section of core 5. The high ,:llun 

Of 6.41 mg N/kg is unexplained. 

114. Water-soluble phosphorus values were variable .md not pXlr:icul.arl~ 

related to depth. Concentrations ranged from O.Ob7 to 1.25 mg P/k;{. 

115. Cation exchange capacity of these sediment samples WWP voly 

low and mrtfyxi from 0.1 i to 2.10 meq/lNl g soil. 

116. Sulfide content was low in all profiles. The profile a:: 

Location 2 had higher values than profiles at either location 5 or 8. 

II?. Fertility analysis on the top section of each of the three 

intermediate cores shwd the same trends as the cores from the up IAnd 

sites. Calcium and nagnesim values were high nhereas phosphorus .md 
potassium values were lo\J to very low. Zinc, it-on, iind manganese vducs 

were also high. 

1.18. Total metal analysis on the core sections was similar C!~~the 

cores from the upLand sites of the study area. Calcium values at 

location 2 were very high upposed to locations S and II. This is apm 
due to the amount of shell material found in the core. The ranges of 

I*- . ^ther metals were similar to the uplaid cores rend arc document.&. in 

Tables 27, 29, and 31. 

119. Interstitial water analyses were porfonod for those core 

sections where water could be extracted in the field. With the exception 

of the O-10 and lo-35 cm section of core 2, some interstitial wuter was 

extracted at all depths which could be hand-sampled in the PVC pfpas. 

120. Concentrations of ammonium-, nitrate-, and nitrite-N in the 

interstitial water were generally low. Modest amounts of nitrate-d were 

present at a11 depths, but in general, conccntrut ions of ammonium- And 

nltrlte-*i Mere barely detectable. 

121. Totdl phosphate and orthophosphatc coIIt‘l*nt t-fit Lon’l tn the 

tntcrrtitial water were generaliy low. When h tgher ~~ncontr~~t ion!+ o ” 



r:1r :t I !tlo5ph”i”l’ wet-r, prc.331t ) the>? were ,~s~oc::~t~ti with hlpx- lrtho- 

;d>o5ptiat.e iomxntr:it lcms in solut ior) . Inter-- - It ii11 NAtuZ fIV3I iC,T’P ii 

WilS low 111 t,otaL phosphate as well as inorganic ur:hopho~phate. 

122. l)~:;solVf3l organic carbon vnlues were .II t!lc normal r:IrlgV for 

.etl lrmn t s . l-hey mpxI from 2.30 to 9.55 mg C/t. Conccntrat ion 0 t’ 

dissolved cx-~mlc c;lrhon tended to Cecrease with increrrsinl! clep~ b. 

123. Metal ;inulysis on the interstitiitl water 5;lmples tnkcrr, ‘rOllI 

locations 2, 5, imd 3 were low compared to rhe rnrtal ccmtent of + !W liar- 

rounding :iediments. Cadmium values were 1~s *hm ‘me UK/C, laaci 

values less than H ug/e and comer vr~lucs wt?rrt i11xr~ low. Mercuq 

vnlues were ~111 less than 0.5 &l/c. The 5rKlilIm content r>f the Intrjr- 

stitial water taken from l.ocation 8 at 3 aepth c,t‘ Ml-H5 cm is high 

compared to the rest of the interstitial water I :q~los. This is nest 

I.ikel:e due to the influence of YBH water !nixing in ;~t these lowt?r dqths, 

LOWlilKld 91te3 

124. !Sediment cores were taken in the intertidal area durjng 

periods of low tide; analyses are in Tables 32~37. These sediments 

were essenti.ally saturated with water at it11 times. ‘The rcducw <on- 

iiitlons in the ,roil were generalLy apparent fmm tlw dnrker color of 

the sediments. This series of CO~QJ was grey and &t.rk grcy in cc,lor 

due to dissolved organic matter and sulfides (Table:; 32, 34, ‘and 36). 

12s. Moisture content of the sediments was ger.r,rnlly greater than 

18 percent throughout the profile, The lone exception was the 30 to HS- 

cm section oti core 3, which had a moisture content of 15.8 wrcent, 

126. I’nrticle-size distribution was imilar to that of cores taken 

from higher elevntlolls except that there was considerably more 3ilt 

present in the profiles. Percentage silt rar+ed from a low of 1.15 to 

a high of 7. !i percent. The prcentaga of clay also tended to be ~li&t?r 

‘IT, thu ltml~incl 3itcs compared to the other two yrlmpilng clevritionu. 

1.27. 131 ViJlLJt?s were fill negative, indicating thu lrrck of’ ox q;cn 

1.hYJlJr(hOlJt ttlt!SC? profij 105, There was ‘I ten& 1~” for lower IJh rrd lllgs 

it Increw1n): ilepthu t‘or ~111 profiles. ‘This WN~ ~xpt~ted ~UILX “IL’~(: 

uo1~1tl k wntf Ili:isuIvml oxygen movt7lrt?nt 1nt.0 rht “pper port ions 11 t’ rhh: 

pro1.i lc wltfi t.hc wrfac:L’ water. 

: ‘3. I)tt :~;iJtrtt5 wrre p3~ixl ly hiHtlt.*r * 11.1.1 ‘!~o:~c~ !~~-~~o!-ci~cl “I)$- ‘.!kb 
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Analysis of Scdimts sid”&ratitlal lfatnr Taken et Various 
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129. Total organic carbon and total organic nitrogen follow& 

trends similar to ,those reported for the previous sites. Exchangeable 

NH;-N was low except for tuo horizons of sore 9 where 1.78 and 1.42 q/kg 

were recorded for the 0 to lo-and 60 to 8.5~cm sections, respectively. 

130. Extractable orthophosphate was generally betweon 0.1 and 0.6 

w/kg - A value of 1.29 rig/kg was recorded for the 35 to 60 cm section 

of core 3. 

131. Sulfide content was again low at each location but was 

higher than either the upland or intewedizte sites. Values ranged 

from 0.83 Irg/g to 4.65 pg./g. These higher values reflect the reducing 

conditions found at these lowland sites. 

132, Cation exchange capacity was low as were the values from 

the upland rmd intermediate sites. Cation exchange values for the 

lowland sites ranged from 0.20 to 3.84 aeq/lOO.g soil. 

133. Fertility data on the lowland sites ms saw&t differeM 

from that reported for the intermediate and upland sites, Calcium values 

zero very high (%OVO tCa/A). ktagnesium values at locations3, 4 and 9 

zero higher than those values from the other areas of the studY site. 

Magnesium values at t?o lowland sites were greater than SO0 punds pet 

acre. Phosphorus values were low and about the same as phosphorus vsluss 

from the upland and intermediate sites. Potassium values from Zocatiorm 

3, tj and 9 were high compared to potassiura values from the rest of the 

study site. The lowland sites also had high sodium values and 8 medium 

salinity hazard as opposed 10 the upland and intomediate sites. 

134. Metal concentrations at a11 three lowland locations were 

similar to values from thoso cores taken from the remaining study area. 

Calcium values on the louland rites are not as variable as those from 

previous locations. This is probably an indication of store homogaaous 

core structures at the loulr~ ;iZz. The magnesium and sodium values 

for tho lowland rites appeared to bo higher than the values .“Knr the 

upland and intermediate sites. This vas probably due to the direct in- 

fluonco sea vator has on the lowland cores in incroasiny the mrrgnosiun and 

sodium concentrations. Cadmium values vero usually loss than .O. 8 u g/g 

and lead values averaged around 10 or 11 rrg/g. Mercury values runged 

from 0.02 to 0.08 ug/g. 
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13.5. Interstitial uater santples from the Xowlami sites below ntean 

high tide were collected from the top three sections. Both ammonium-N 

and nitrate-N concentrations were higher in these sa~~~ples than far 

samples from similar depths at the intermediate elevations. For all 

three profiles, the concentration of ammonium-N was highest in the IO- 

5S-cm section. Nitrite-N vts low in these profiles with the highest 

concentration being 0.085 WC. 

1%. Total phosphate and orthophosphate concentrations wefe also 

higher at these locations than for those at intemediate elevations. 

Concentrations as high as 3.25 mg/t uere measured at the 35Xo 60-cm 

depth for core 3, and generally the values were above 0.4 rig/f with 

corresponding orthophosphute concertrations of 0.2 ag//t md seater. 

Core 9 had only 0.09 ag/f total phasphate and 0.025 ag/f orthophosphate 

in the IO-to X&cm depth. 

137. Dissolved organic carbon was between 4.64 and 7.3D m& in 

aI1 interstitial water smples for the lowland sites. These values 

couSd bo classified a3 nozEal for these sediments, 

mL Metd analysis on the interstitia3 trater samples taken fron 

the X01lmd sites are shorn in Tables 33, 35, and 37. Calcium, potassiwb 
sodium and majpsfl?a nlues u8re 831 higher thrn interstitiai u8tcn: 

rafues t&m at tha intemediats sites. This is expected since the 

lowland sites are in contact with sea water which causes t?@ incre8sas 
found in the rajor cations (Cr, It, NIB, Mg), Upland ueas are partialIy 

leached of those cations due tQ mmvemmt of rain water thrwgh the 

profixe. Manganesa concentratiuns in interstitial water from the M+ 

land sites are l lsa somewhat higher than at the intenmiiate sj.tes. 

Copper, zinc, lead. cadmium,and mercury values at the Xowknd locations 

are similar to those found at the intennmUate sites. 



PART VII: CONCLUSIQNS 
139. A total of Y’j plant species representing 61 genera and 70 

families were collected and identified from the study site during a 

S-month SUIIMX and early fall period. Gramineae, Curpositae, and 
Cyperaceae were the most important families. The average basal cover 

was over 13 percent with litter cover exceeding 15 percent. The dominant 

grasses were marshay and bluestem. Forb density was over 10 plants/ 

square foot; ciunphorweed was the most cmly occurring species. 

Woody plan? density exceeded 3,200 plants/acre with dnmrnond sesbania 

the most cjmRon species. The only other woody species to occur was 
gl,lf iroton. 

140. Six plant cornnunities were identified and mapped. These 

were, in order of area occuppied: (4 ,bdroDog _ on perangustatus, 
(b) Spartina patens, (c) Sesbania-mixed grass, (d) Sporobolus virginicus- 

Distichlis spicata, (e) bdonarda citriodora, and (f) Spartina altcmiflora. 

Biomass production exceeded 4,100 pounds/acre in both the Andropogon 

perangustatus and Spartina patens cammmities. 
141. Bird species recorded increased from 41 in July to 50 in 

September, totalling 98. Red-winged blackbirds were the most numerous 

species. Thirteen mammal species were recorded, three of them domestic. 

The most coaxnon were hispid cotton rats, raccoon, and dcnnestic goat. 

The cotton rat population was estimated at an average of 30/acre. A 

total of 31 reptiles and amphibians representing 11 species were oh- 

served on the study site. Eighteen orders of macroinvertebrates were 

collected and identified, The most curunon forms were grasshoppers, 
land snails, mud fiddler crabs, and tiger beetles. 

142. All soil and sediment sainples in the study site were sandy 

to a depth of 107 an, ranging from 88 to 99 percent sand. Total organic 

carbon was less than 0.2 percent except where evi.dence of some plant 

residue occurred. Values of Eh varied fran +500 mv for oxidized horizons 

to near -240 mv in the intertidal zone. The Eh was related to soil 

moisture content. 
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143. Interstitial water samples did not contain excessive concen- 

trations of ananonium, nitrite-, or nitrate-N. Total inorganic nitrogen 

did not exceed 6.14 mg/!. Total phosphorous and orthophosphate concen- 

trations in interstitial water were less than 3.25 and 9.625 mgle, 

respectively. Total dissolved carbon ranged between 2.0 and 9.55 mg/X. 

144. Flora and fauna of the study site were low, both in terms 

of diversity and density. Chemical ccsrrposition of the sediments 

corresponded to the sandy nature of the material. Excessive nutrient 

concentrations were not evident. Thus, the study site is beiow potential 

productivity and use far coastal marshes. 
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d'PENDIX A’ 

.3PECIES LIST FOR THE tOLIVAR PENNINSULA HABITAT DEVELOPMENT SITE, 

GALVESTON BAY, TEXAS 

&-ciepiadaceae 
Cynanchum angustifolium Pcrs. 

Borapinaceae 
Heliotropium curassavicum L. 

Capparidaceae 
Polanisia trackJspe"ra 
var. trschyspema (T.GG.) Iltis 

Chenopodiaceae 
Chenopodium ambrosioides L. 
Salicornia bigelovii Torr. 

Ccsmnelinaceae 
Commelina angustifolia Michx. 

Compositae 
Ambrosia psilostachya DC. 
Aphanostephus skirrhobasis 

var. thaliassl;zs (DC.) Trel. Shinners 
Conyza canedcPssi3 CL.) Cronquist 
Erechtites hieracifolia (L.) Raf. 
Erigeron myrionactls Small 
Eupatorium compositifolium Walt. 
Euthamia leptocephala (T.@Z.) Greene 
Gaillardia pulchella Poug. 
!G3lt?dUlfl amarum (hf.) H. Rock 
Helianthus debilis Nutt. 

ssp. praecox (Engelm.&Gray) Heiser 
Heterotheca subaxillaris (Lam.) Britt8guaby 
Iva angustifolia 
var. angustifolia Nutt. 

Iva frutascens L. 
Pluchea purpurasce~rs (SW.) DC. 
Solidago sempervirens L. 

vnr. mexicana CL.) Fern 

(Lmvolvulacalia 
Ipomoea sagittata Pair. 

Salt heliotrope 

Roughseed clamnywe~d 

'Yormseed goosofoot 
Bigelow glasswort 

Na&rrowleaf dayflclder 

Western ragweed 

Coast dozedaisy 
Horsetail conyza 
American burnweed 
Corpus Christi fleabane 
Yankeeweed 
(nme) 
Rosoring gaillardia 
Sneezeueed 

Early cucumberleaf sunflower 
Camphorneed 

Narrowleaf sumpweed 
Digleaf sl~~pweed 
Purple pllzchea 

Seaside goldenrod 

Saltmarsh morningglory 



Family-Scientific Name Commn NaIWi 

Cyperaceae 
Cyperus articulatus L. 
Cyperus ovularis @i&x,) Torr. 
var. ovularis 

Cyperus ovularis (Michx.) Torr. 
var. cylindricus (Will.) Yorr. 

Cyperus polystachyos Rotth. 
Eleocharis albida Torr. 
Eleocharis macrostachya Fxitton 
Fimbristylis carol iz&mv,n (Lam.) 
Scirplds americanus Pers, _ 

Euphorbiaceae 
Croton capitatus Michx., 
Croton punctatus Jacq< I” 

. i Euphorbia amnannioide5 T.&G, ” 

: Gentianackae ’ 
Sabatia campestris Nm;‘.: ‘;. .: : 

. I ,  -  ‘.#’ Andropogon glomeratm malt.1 B,S,P( ,1.X 1. ‘g .,’ , 
r  ‘. .I/ ’ Andropogon peran&gus tatus Nash, :, ‘-’ ;..$ ., :, :.” 8 ,, :. ,, .I. . . Aristida J.ongaespir;a Poir ‘,, ,,:; ” “” .. ‘.‘.,, : I,:; 

var. l~gaebpica ” ,‘” 10 i ;.:,.-. !,t i : ” ,:’ 
‘&lsti& olig;mth, &fi&3(, ,,.’ ,,> Y,< :. .’ 
Cenchrus incertus M.A. CurtiS ‘.:, : :‘ ; ;;;” ,“,:‘,i 

., cynodoA dactyloA ;JJ.) Pers; _I I’ : \ ,.;::.:, .I 
DistfchIds spicats (L.) Green : Y‘,, :;.:.. I;“, “’ 
mr.. spicat:a ‘,,i .,, , ., ‘” 

Eragrostig ,vxylq~is (Tori.,] Torr, : ’ ‘. ,’ I. 
Eragrostfs 4ve:ma :.. 
Eustachys straea (SwartZ~< Desv, ’ 
MuhIeflberg ‘a capillaris (Ilam,) Tz9.n.i ,:,‘ r 
Panicum repens 1,. 
Paspalum mnostclchyum Vassey 
Paspalvnr settecfmm Michx, 
var. setas:eum 

Polypogon monsp3liensis (L.) Desf. 
Setaria geniculats (Lam.) Beaw. 
Spartina altamiflora Loisel. 
@artin p6itClt'J [Ait.) Mrhl. 
Spartina apartinae (Trin.) Mm-r. 
Sporobollas indicus (L.) R. Br. 
Sporobolv,g prramidatus (Lam.) Hitchc. 
Sporobolru vj rginicus CL.1 Kunth 
Triplasis purpurea (Walt .) Chapm. 

Joint/:d flatsedge 

Globe flatsedge 

Cyigm flatsed~ 6 

White spikew’dge 
Largespike Zpikesedge 
Fimbxy 
American bulmsh 

Wocily croton .” 
Nf croton 
Ingalls euphorbia 

Prairie roscgentia6 

Bushy bluestem .’ 
Bluestem L 

~’ 
.SlimspIke threeawn ., ’ 
Old field threeam.* ,’ 1 
Comnon sandbur : 
Bexmudagrass :;. 

:; 

Seashore saltgrass ‘. ..C;I, “., 
Red lovegrass ’ II. 

i”“““E 
” 

none 
Hairyawn’muhly 
Torpedograss 
Gulfdms paspaIum 

Thin paspalum 
Rabbitfoot polypogon 
Knotroot bWMqrass 
Smooth cordgrass 
Marshay 
Nf cordgrass 
Snutg-rass 
Whorled dropseed 
Seashore dropwed 
Purple sandgrass 



APPENDIX A” (CCNCLUDED) 

FamilyGcient ific Name CommonName \ \ -. . \ \ -- P . . 

Labiatae 
I43narda citriodora Cerv. Lemon beebalm 

Leguminosae 
Astragalus nu ttallianus DC. 
var. nuttall.tanus Nuttail milkvetch 

Cwsia fasciclilata Michx. 
uxr . fascicui.ata 

Mxlidago lupul.ina L. 1 
Prairie senna 
Black medic 

Neptunia lutesi (Leavenw, ) Benth 
Prosopis glandulosa Torr. 

Yellow neptmia 

var. glancIUc sa 
Psoralea rhomb2folia Torr, 4 Gray 

Honey mesquite 

Sesbania drmnondii (Rydb.3 Gory 
Roundleaf scurfpea 
Drmnond sesbania 

Tx;t’,%Wain sp . 

tivaceae ‘, 
Kosteletzkya virginica [L.) G&y: ‘( j “‘. Virginia saltmarshmallow . 

Primlaceaa 
_” __. 

., 
). .I. Samlus ebracteatus H.B,#, 

,’ . ., 
ssp. alyssoides * @j&&r> R,‘bth ‘,’ ” ~ boast bro&q& 

. II 
f ?. i,.‘,::‘.I +. 

., I- .._ _’ : , ‘. (( 
; Rubiacea ,/,. ..~ ..” ..,y . . %. 

Gal#Jm tinctoriuln L. ,.‘. .‘..:- ., ._ Dye bedsym, : IL,,; ( ; ..‘., .-:y 
I’ 

Agalinis maritim (Raf,) l?a&k 

-,, ,. ‘.’ ,, j -. ,;,t;. ., 
krophularfaceae 

* .” ” ,’ I _ ” (,,. . . ( ;. 

Saltmarsh gerardi{,‘,:) -.:.,. , ,-.I 
*. ,,/ L 

Solanaceaa 
_ - ,, ,’ k 

1. : I” ,, . 
phys3lis viscosa It, ,‘, 
var, spathulaefolia u0rr.Z Gray 

SoXanm elaeagnifolium Cav, 
Groundcherry 
SiSverleaf qightshade 

Unbelliferae 
Hydrocotyle bonariensis Lam, 

Verbenaceat3 
Lantana horrida H&K, 
?hyla incisa Small. 
Verbena xutha Lelnn, 

Largeleaf pennywort 

corrpnon 1antaJla 
sawtooth frogfrllit 
Coarse verbena 
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APPENDIX B' 

PHYSICAL DEERIPTIO?4 OF SOIL CORES 

Core No. Depth 
(cm) 

a o-25 

25-26 

26-73 

73-80 

80-87 

st-$02 

90-101 

3 Q-0 

8-25 

23-60 

Description 

Sand, fine grain, massive, umonsolidated. 

Sand, fine grain, dark brown clay. 

Sand, fine grain, massiua, unconsolidated, organic 
matter, trace shells, 

Clay and sand, very fine grain, grey to brown in 
color. 

Sand, fine gra& massive, unconsolidated, organic 
matte?, trace shells. 

Sand, fine grain, umonsolidatad, shell fragments 
(dredge). 

Sand, fine grain,, JIUUS~V~, unconsolidated, weI1 ” 



APPENDIX B’ (CONTIFNED) 

-- 

4 O-10 

10-107 

5 o-4 

4-19 

19-20 

20-107 

6 O-107 

7 o-57 

57-92 

Core No. Depth 
(al 

60-107 

92-94 

94-107 

O-32 

32-34 

34-107 

Description 

Sand, fine grain, some silt, well sorted, trace 
shell fragments , some horizontal bedding. 

Sand, fine. grain, some organic matter, shell 
fragments, massive, unconsolidated. 

Sand, fine grain, massive, unconsolidated, well 
sorted. 

Sand and clay, very fine grain, somt, organic matter. 

Sand, fine grain, massive unconsolidated. 

Sand and clay, very fine grain, some organic mat?er. 

Sand, fine grain, unconsolidated, some plant material, 

Sand, fine to’ very fine grain, unconsolidated. 
well sorted, some shell fragments, some horizantaf. 
bedding down entire core,’ @e’kaof silt, - 

.>.i 
Sand, fine grain, 13lassive. ticonsolidatbd~ 6613 
tort& trace shell fkagmmts* sol~be organic matter, 

Sand, mediuar grain, massi~o,, unconsoUdatad &ace-:’ r ; 
shelf fragments, organiq mattar. (, 

San&and siXt, fine grain, -soam horizontal bed&& : 
shell fragments, grey in.coZor. >: -. .- . . 

Saudi fins grain, poor& sorted, some silt, sozm 
organic mattex., ’ 

Sand, fine to mediwn grain, massive, unconsolidated, 
organic mattar, shelf fragments. 

Sand, fine grain, some horizontal bedding, some 
silt. 

Sand, fine to medim grain, massive unconsolidated, 
some organic matter, some shell fragments. 



APPENDIX B' (CONCLUDED) 

Core No. Depth Description 
(4 * 

9 O-20 Sand, fine grain, massive, unconsolidated, well 
sorted, some shell fragments, some s%lt, some 
horizontal bedding. 

20-53 Sand, fine grain, some silt, well sorted, organic 
matter, shell fragments, some horizontal bedding. 

33-107 Sand, fine to medium gra3.n, well sorted, some 
silt, organic matter, shell fragments, some 
horizontal. bedding. 
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22 July 1.977, Subject: Facsimile Catalog Cards for 
Laboratory Technical publications, a facsimile catalog 
card in Library of Congress MARC format is reproduced 
below. . 

1 

Dodd, J D I 
Uabitat development field investigations, Bolivat Peninsula 1 

marsh and upland habitat development site, Galveston Bay, I 
Texas; Appendix B: Baseline inventory of terrestrial flora, 
fauna, and sediment chemistry ! by J. D. Dodd . ..cet al.), 1 
College of Agriculture, Texas AbM University, College Station, 
Tex. Vicksburg, Hiss. : D., S. Waterways Experiment Station ; 

f 

Springfield, Vsi : available from National Technical Infoma- i 
tion Service, 1978. t 

92, 3, 3 p. : ill. ; Zf cm (Technical report - U. S. Amy 
Engineer Waternays Experiment Station ; D-78-15, Appendix B) 

! 
! 
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